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Abstract 
Great progress has been made on both intra- and interpersonal coordination by 
recasting them as the product of distributed parts and processes, in terms closer to those of 
physics than psychology. However, insofar as coordination is an a posteriori product of 
competing and cooperating forces defined across an organism-environment system, the full 
breadth of forces present must be considered. This requires approaching the consequences of 
the organism’s embedding within higher-level social and cultural systems. 
Across three experiments, Stereotype Threat (ST) manipulations were used to affect the 
sociocultural context or meaning of coordination. These experiments were intended to address 
complementary issues in coordination and ST research. First, can ST affect the performance of 
a common rhythmic coordination task? Second, is it the case that ST impacts coordination 
through attentional processes? And third, does the effect of ST extend to interpersonal 
coordination, and if so, what potential social consequences exist? In Experiment 1, participants 
completed an intrapersonal bimanual rhythmic coordination task with either a Control or ST task 
frame. Experiment 2 was similar, but also featured a distractor task, the presence of which was 
manipulated within-subjects. In Experiment 3, participant dyads completed an interpersonal 
rhythmic coordination task. Dyads were composed of either two members who received the 
Control task frame (Control Dyads), or one member who received the Control task frame and 
one who received the ST task frame (Asymmetrical Dyads).  
In all three experiments, ST was shown to significantly affect performance on the 
coordination task: the ability of both individual participants and dyads to maintain a specified 
mode of coordination was diminished under ST. In Experiments 1 and 3, but not Experiment 2,  
 
 
Andrew Thomas Tucker 
University of Connecticut, 2020 
ST also significantly decreased the stability of coordination. Participants who received the ST 
task frame reported significantly higher levels of stereotype activation in all three experiments. 
ST was shown to increase self-reported anxiety in Experiment 1, though this effect was not 
found in Experiments 2 or 3. Finally, Experiment 3 suggests that ST may affect interpersonal 
feelings of liking or comfort, and further that these factors are associated with task performance. 
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1. Introduction 
Naive observation of human movement reveals that some patterns of coordination are 
more difficult than others. Walking is easier than hopping, tapping out a 4/4 rhythm is easier 
than a 5/4 rhythm, and rubbing one’s tummy or patting one’s head is easy in isolation, but 
becomes difficult when combined. Why should it be the case that some patterns of movement 
are difficult, even when what might be considered the pattern’s component movements are in 
themselves simple? Following Bernstein (as described in Latash, 1996), issues of movement 
pattern formation, selection, and preference have received a great deal attention within 
ecological psychology. This research has privileged the study of motor coordination, considered 
as the bringing-together of disparate parts into specific relations, over that of motor control, 
considered as the conscious or otherwise top-down specification of muscle innervations, joint 
angles, and so on (Turvey, Fitch & Tuller, 1982).  
It has been demonstrated that theory and dynamical models originally intended to 
account for the coordination of an individual acting alone account as well for coordination which 
occurs between individuals acting together (Schmidt, Carello, & Turvey, 1990; Schmidt & 
Richardson, 2008), and further that certain social factors, such as group membership, affect the 
dynamics of interpersonal coordination (Miles, Lumsden, Richardson & Macrae, 2011; Schmidt 
Richardson Carello Baron, 1994). Despite this, it is not well understood how the situational, 
sociocultural, and personal historical context of coordination affects its dynamics. It is also not 
presently known if or to what extent social factors influence the dynamics of intrapersonal 
coordination. The present research addresses these and related questions by inducing 
stereotype threat (ST) in both intra- and interpersonal coordination tasks. The theory of ST, 
developed to explain circumstances contributing to racial achievement gaps in academic 
contexts (Steele & Aronson, 1995), provides a lens for understanding – and methods for 
experimentally manipulating – situational or contextual factors that negatively impact task 
performance. It is hoped that, by bringing together lines of research founded in ecological and 
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social psychology, a fuller understanding of issues of meaning, purpose, valence, consequence, 
and context in intra- and interpersonal action may be achieved. 
Considerable evidence suggests that coordination is not achieved by a priori 
specification of movement, but rather is an a posteriori consequence of the total field of forces 
distributed within and across an organism-environment system. And over the last four decades, 
significant ground has been gained in understanding rhythmic coordination in particular, largely 
due to the application and development of theory and methods derived from dynamical systems 
theory which are specifically concerned with pattern formation and selection in physical systems 
- that is to say, emergence. Much is owed to the synergetic perspective explicated by Haken 
(1983/1987), which allows for the conceptualization and subsequent modeling of complex 
systems in terms of relatively few higher-order parameters. As applied to rhythmic coordination, 
this typically involves describing the two objects (e.g., limbs, finger, or pendulums) involved in 
rhythmic coordination as a pair of coupled nonlinear oscillators, and modeling their relationship 
over time in terms of the dynamics of relative phase (i.e., the offset in their position over a one-
dimensional 2π or 360° state space) via the Haken-Kelso-Bunz (HKB) model (Kelso, 1984; 
Haken, Kelso, & Bunz, 1985). There is a strong fit of the HKB model and its various extensions 
to observed phenomena of rhythmic coordination, with primary interest given to the differential 
stability of the in-phase and anti-phase modes of coordination and the spontaneous transition 
between them as a function of oscillatory frequency (Haken, et al., 1985).  
Further, it has been shown in multiple studies that the main predictions of the HKB 
model of rhythmic coordination hold for inter- as well as intrapersonal coordination (Schmidt, 
Carello, & Turvey, 1990; Schmidt et al., 1998; Amazeen, et al., 1995; Schmidt & O’Brien, 1997. 
For a more thorough discussion, see Marsh, Richardson, Baron, & Schmidt, 2006, or Schmidt & 
Richardson, 2008). The same preferences for certain movement patterns, the same 
characteristic breakdowns of coordination, the same sources of coordination stability and 
instability, which occur in one person moving alone occur as well when two people move 
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together. That is, the same processes are implicated in the coordination of both intra- and 
interpersonal movement (Schmidt, Bienvenu, FItzpatrick & Amazeen, 1998). This in itself lends 
credence to the theory that coordination arises through the dynamic interaction of distributed 
parts. Traditionally, a motor homunculus, caricatured as a “ghost in the machine” which selects 
movements from a motor repertoire and executes them on the “cortical keyboard” has served to 
explain the production of movement (Turvey, et al., 1982). This may seem credible if the 
movements of an individual are the sole object of inquiry. However, no such structure can 
obviously exist as shared between two or more people. The similitude in intra- and interpersonal 
coordination therefore calls the homuncular explanation of coordination into question, and 
supports the distributed and dynamical explanation.  
Much of the work on rhythmic coordination has focused on the ways in which altering 
properties of the oscillators themselves (e.g., eigenfrequency / characteristic frequency) or the 
coupling between them (e.g., coupling strength) affects relative phase dynamics, with relatively 
less attention given to the ways in which task demands, or more generally, the context in which 
rhythmic coordination occurs, affect these same dynamics. This issue is latent and pervasive in 
coordination research. It is generally understood that social factors affect aspects of 
interpersonal coordination (Schmidt, Christianson, Carello & Baron, 1994; Miles, Lumsden, 
Richardson & Macrae, 2011; Lumsden, Miles, Richardson, Smith & Macrae, 2012). However, 
there is a dearth of research into how contextual factors such as the “with whom” and “to what 
end” of coordination affect its dynamics. This is complicated by the fact that coordination 
research has historically relied on relatively abstract tasks, such as rhythmic pendulum swinging 
or finger tapping, which are assumed to be performed for their own sake. In reality, coordination 
serves specific functions, and achieves certain ends for the coordinating organisms. Often 
times, these functions are social. As put by Schmidt & Richardson (2008), “simple actions such 
as reaching, locomotion, or even standing still are often performed to achieve a social goal and 
can then be socially defined as, for example, a caress, an escape or an opportunity for a 
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conversation.” (p 281-282). Even confined to the lab, coordination serves a social function 
insofar as it exists in and mutually supports and is supported by the existence of a “lab 
experiment” behavior setting (Barker, 1968; Heft, 2007). And even when one acts alone without 
observers, coordination may be inflected by factors of identity, personal history, and self-
concept which have a necessarily social dimension. Great progress has been made on both 
intra- and interpersonal coordination by recasting them as the product of distributed parts and 
processes, in terms closer to those of physics than psychology. However, insofar as 
coordination is an a posteriori product of competing and cooperating forces defined across an 
organism-environment system, the full breadth of forces present must be considered. This 
requires approaching the consequences of the organism-environment system’s embedding 
within higher-level social and cultural systems, regardless of whether there is an other 
immediately present with whom one is coordinating.     
The issue, then, is of identifying systematic methods of manipulating the function or 
context of coordination which leave the explicitly stated demands of the task unaffected. That is 
to say, methods of manipulating the “why” of coordination without changing the “what”. 
Grounding this in a familiar paradigm, how might the dynamics of pendulum swinging differ, for 
example, if one is swinging them as a percussion player in an orchestra, or as the baton twirler 
in a marching band? Put more generally, how does a situation affect the performance that 
occurs in and for it? Exactly such a method is identified in the literature on Stereotype Threat 
(ST; Steele & Aronson, 1995). The theory of ST was developed in order to explain gaps in 
academic achievement between minority (e.g., Black) and White students. It was noted that, 
even controlling for factors such as SES, past academic achievement, etc., Black students 
underperformed relative to expectations (Steele & Aronson, 1995). Steele & Aronson (1995) 
proposed, then, that certain factors which inhere in situations, rather than in specific individuals 
or groups, can lead to worse performance. Namely, a Black student in a high-stakes academic 
environment must contend with derogatory and false stereotypes regarding the academic 
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performance and intellectual ability of Blacks in general. They are faced with the prospect of 
inadvertently lending credence to these stereotypes should they perform poorly, and even if 
they perform well, they may be judged stereotypically. The added pressure of this predicament 
in itself leads to performance decline (Steele & Aronson, 1995). Importantly, ST is a 
phenomenon which can only occur by virtue of the social and situational embedding of an 
individual’s actions: it is primarily experienced by individuals as they interact with and face the 
evaluation of others, where that interaction is both informed by the larger group dynamics in 
which they participate, and plays a role in shaping those same group dynamics.  
Several methods of experimentally inducing ST exist. Primarily, a relevant stereotype 
must be made salient for the participant. This may take explicit (e.g., “members of [your group] 
have previously been found to perform worse on [current task]”) or implicit forms (e.g., “this task 
is diagnostic of your overall ability or competence at [current task]”). Further, the task must be 
sufficiently difficult to ensure failure is a real possibility, and the participant must identify to some 
extent with the stereotyped task domain. However, because ST is conceived as a situational 
predicament, it can, in theory, be induced for members of any group on any task for which there 
are relevant stereotypes. This is shown to be the case, as performance decline under ST has 
been found for numerous groups on a wide variety of tasks. Stereotypes previously used to 
induce ST have pertained to gender (Spencer, et al., 1999; Inzlicht & Ben-Zeev, 2000), age 
(Levy, 1996), socioeconomic status (Croizet & Claire, 1998), mental health status (Henry, von 
Hippel, & Shapiro, 2010), athletic ability (Stone, Lynch, Sjomeling & Darley, 1999; Beilock, 
Jellison, Rydell, McConnell & Carr, 2006), and more, while tasks have included the Graduate 
Records Examination (Steele & Aronson, 1995; Croizet & Claire, 1998), Graduate Management 
Admissions Test (Quin & Spencer, 2002), memory tasks (Hess, Auman, Colcombe & Rahhal, 
2003), mental rotation tasks (Martens, Johns, Greenberg & Schimel, 2006), Stroop tasks 
(Jamieson & Harkins, 2011), reading span tasks (Mazerolle, Regner Morisset, Rigelleau & 
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Huguet, 2012), and a variety of sports-related tasks (Stone, Lynch, Sjomeling & Darley, 1999; 
Beilock & McConnell, 2004; Stone & McWhinnie, 2008). 
It has been argued, however, that performance decline under ST operates by different 
mechanisms for different types of tasks. The integrated process model of Schmader & Johns 
(2008) indicates the ST in cognitive and academic tasks operates by impairing working memory 
functioning, while ST in motoric tasks operates through attentional processes. The attentional 
explanation of ST in motoric tasks is corroborated by research on a similar phenomenon, 
choking under pressure (Baumeister & Showers, 1986; Beilock, Jellison, Rydell, McConnell & 
Carr, 2006). However, research on ST effects in motoric tasks is often limited by the selection of 
dependent variables which are only contingently related to the actual production of movement. 
For example, in studies of ST effects on golf-derived tasks, distance of a hit golf ball from a 
target hole, or number of strokes to complete a golf course, have been used as performance 
measures (Stone, et al., 1999; Beilock, et al., 2006). These and similar performance measures 
do not provide direct insight into how that performance was achieved. And, as noted by Huber, 
Seitchik, Brown & Sternad (2015), even if performance is itself unaffected by the experience of 
ST, the means by which it was achieved may be altered. Because experimental paradigms and 
dependent variables typically employed in ST research on motor tasks target performance 
without directly assessing movement production, the ability to draw conclusions regarding the 
working mechanisms of ST is limited. It would therefore be beneficial to employ a paradigm for 
which the relationship between motor performance and production is well understood; exactly 
such a paradigm is found in research on rhythmic coordination as derived from the HKB model.  
Three experiments were therefore developed to approach complementary issues in 
coordination and ST research. First, can ST affect the performance of a rhythmic pendulum 
swinging task common to coordination research? Second, is it the case that, consistent with 
current explanations of its working mechanisms, ST impacts motor tasks through attentional 
processes? And third, does the effect of ST extend to an interpersonal coordination task, and if 
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so, what potential social consequences exist? In these experiments, non-Latinx White 
participants who were identified as experienced musicians or dancers were required to engage 
in a rhythmic pendulum swinging task. Participants in the ST condition were told that this task 
was diagnostic of their general ability to engage in rhythmic coordination, as one does while 
playing music or dancing, and further that Whites tend to perform worse on it. Participants in the 
Control condition, by contrast, were told that it was an arbitrary coordination task, not at all 
indicative of their general abilities. A variety of performance measures for the coordination task 
were obtained, as well as several self-report measures, including stereotype activation, self-
reported anxiety, and task domain identification.  
In Experiment 1 (section 4), ST participants were compared to Control (No ST) 
participants on a bimanual rhythmic coordination task. Experiment 2 (section 5) featured the 
same task and ST manipulation, but also included a manipulation of participants’ attention via a 
distractor task, implemented within-subjects. Experiment 3 (section 6) differed considerably from 
either of the previous experiments in that participants completed it as dyads instead of 
individually; the coordination task and ST manipulation were adjusted accordingly, and an 
additional measure of interpersonal rapport and liking was obtained. Notably, the experience of 
ST in Experiment 3 was asymmetric. Dyads were composed of either two participants who 
received task frames similar to Control participants in Experiments 1 and 2 (i.e., Control Dyad), 
or one participant who received the Control task frame and one who received an ST task frame 
(i.e., Asymmetrical or Asym Dyad).  
Thus, in Experiments 1 and 2, the ability of an individual to perform rhythmic movement 
while experiencing ST was assessed, while in Experiment 3, the ability of two individuals to 
interact and coordinate their movements while one of them was experiencing ST was assessed. 
Put otherwise, performance on the coordination task is defined in Experiments 1 and 2 at the 
individual level, while in Experiment 3 it is at the dyadic level - it is jointly determined by the 
actions of the two members of each participant dyad. Coordination research stands to benefit 
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from these experiments in that they have the potential to illustrate the effects of social and 
contextual factors on both intra- and interpersonal coordination. The former is entirely novel - 
effects of social factors on intrapersonal coordination have heretofore never been assessed. 
Social factors have previously been shown to impact interpersonal coordination, though their 
asymmetrical implementation here is unique. ST research stands to benefit in that these 
experiments have the potential to identify a new task domain - and accordingly, a new relevant 
stereotype - which is subject to ST effects. Further, by using theoretically well-founded methods 
from coordination research, more rigorous assessments of ST’s mechanisms might be made. 
And finally, Experiment 3 presents a new path for ST research. While ST has been shown to 
affect task performance in cognitive and motor domains, it has not previously been shown to 
affect joint action. A very small number of studies indicate that ST affects the behavior of 
individuals in interaction with others (Bosson, Haymovitz & Pinel, 2004; Henry, von Hippel & 
Shapiro, 2010). However, none of these have employed outcome measures which are mutually 
determined by, and therefore speak to, the performance of those involved in interaction. This is 
notable because if it is shown to be the case that ST experienced by an individual affects the 
outcomes of a social unit in which they participate, the impact of ST may be larger and farther 
reaching than previously understood.  
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2. The Ecological Approach to Rhythmic Coordination 
2.1 Coordination as Dynamical Pattern Formation 
 The ecological approach to rhythmic coordination, as well as coordination of other 
varieties, has its beginnings in the dynamical systems perspective put forth by Kugler, Kelso & 
Turvey (1980). This perspective is one which considers coordination not as a matter of top-
down specification of muscle innervations, joint angles, or other physical variables, but rather as 
“a dynamical process of pattern formation and selection”, in which “a particular intersegmental 
coordination pattern arise[s] as an a posteriori consequence of the interplay of competition and 
cooperation” (Amazeen, Schmidt & Turvey, 1995, p 511). Dynamical processes which are 
specifically responsible for human coordination may be considered special cases of general 
pattern formation principles found at all levels of nature, and instantiated across all different 
types of components, biological and otherwise (Kugler, et al. 1980). This generality is made 
possible because the dynamical systems perspective is one that foregrounds the study of 
macroscopic pattern formation, selection, and maintenance over the properties of particular 
components which the patterns comprise. As applied to human movement, general dynamical 
principles of pattern formation have been demonstrated in the rhythmic movement of arms 
(Schmidt, Shaw & Turvey, 1993), the phasing of legs in gait (Kelso, 1984), the multi-limb 
coordination of skilled drummers (Fuji, Kudo, Ohtsuki & Oda, 2010), the back-and-forth 
movement of people rocking in rocking chairs (Richardson, Marsh, Isenhower, Goodman & 
Schmidt, 2007), and more.  
By foregrounding general, macroscopic dynamics over the properties of specific 
components, the dynamical systems perspective is one which approaches problems of how 
coordination works – not in the sense of how limbs are made to move, but rather in the sense of 
how they are made to move together in order to accomplish certain tasks or achieve certain 
ends in flexible, yet function- and context-specific ways. In doing so, it recognizes and attempts 
to accommodate the full complexity of biological movement, answering a charge which is 
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summarized by Schoner & Kelso (1988). Schoner & Kelso (1988) note that a comprehensive 
account of coordination must explain how many components relate in organized manners in 
order to perform certain functions, how this functional organization is sustained under changing 
conditions and perturbations, how the same or similar functions can be realized through 
different and flexible behavioral patterns, how functional patterns are “informationally open”, in 
the sense of being adaptable to environmental information, how functional patterns are actively 
or intentionally sought, and how learning, development, and evolution of coordination occur over 
progressively larger time-scales. To summarize, the account called for must accommodate both 
stability and flexibility – one which explains how the same patterns occur under different 
constraints, with different ends, or with different component parts.  
The beginnings of such an account are provided by Kugler, et al. (1980) in their 
characterization of coordination as made possible through the temporary (or “soft”) assembly of 
“coordinative structures”, defined as configurations of parts brought into functionally-specific 
patterns exhibiting dynamical stability. Coordinative structures belong to a class of physical 
complex systems known as dissipative structures, which commonly feature cyclical or oscillatory 
behavior which emerges despite differences in initial conditions, is maintained in spite of 
perturbations, and persists through the ongoing input and dissipation of energy (Kugler, et al. 
1980). Because dissipative structures often operate in a cyclical or oscillatory manner, it is 
relatively simple to draw a surface-level connection to cyclical human movement patterns; this 
superficial similarity, however, speaks to a deeper association between rhythmic coordination as 
the product of coordinative structures and other known dissipative structures. And indeed, early 
research from the dynamical systems approach to coordination focused on rhythmical behavior; 
Kugler & Turvey (1987) indicate that “rhythmic motions of the body can be, and frequently are, 
soft molded . . . which is to say, loosely speaking, that a biokinematic system with periodic 
behavior can be assembled temporarily and from a particular purpose from whatever neural and 
skeletomuscular elements are available and befitting the task” (p 3). This relative indifference to 
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the specific anatomical elements involved in coordination results in a theory in which “the units 
are functional and context-dependent rather than anatomical and context-independent, and 
impredicative definitions are in ascendency” (p 14). Impredicativity here refers to a feature 
common to complex systems wherein while the behavior of the system or generic “whole” 
cannot be explained without reference to its parts, the behavior of individual parts of the system 
similarly cannot be explained without reference to the whole in which they participate; continual 
and simultaneous top-down and bottom-up influences contribute to the overall dynamics 
(Turvey, 2004). It is therefore not the case that the properties of the parts brought in 
coordination do not matter. Rather, the specific patterns of coordination possible and attained 
are a product of the interplay of globally and locally defined properties (Kugler & Turvey, 1987). 
However, it is the global properties that dominate the interaction and in doing so make 
coordination possible; local or bottom-up influences are damped to the extent that anatomically 
distinct parts may be subsumed in stable patterns of movement. 
Early research on the emergence and maintenance of stable movement patterns 
frequently made use of double wrist-pendulum systems, in which one person holds a rigid 
pendulum in each hand and swings them back and forth in various patterns, as a testbed. Such 
systems allow one to observe the assembly of anatomically distinct parts into a virtual single 
system which features several key characteristics of coordinative & dissipative structures. 
Namely,  
(a) the compound double wrist-pendulum system is constructed out of a set 
of constraints that are only assembled temporarily; (b) the field defining the 
compound double wrist-pendulum system is constructed out of functional rather 
than mechanical constraints that span a spatial extent – the neural linkages and 
processes that bridge the distance between the left and right wrist muscle 
complexes – over which forces are not transmitted mechanically; (c) the 
amplitudes of the composite subsystems are not restricted to a single common 
value; and (d) the natural period of a double wrist-pendulum system is a function 
of two potentials, an assembled elastic potential and the gravitational potential, 
whereas the periodicity of an ordinary compound pendulum is a function of only 
one potential, gravity. (Kugler & Turvey, 1987, p 148 – 149). 
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In (a) and (b) of the above, Kugler & Turvey (1987) identify that in the double wrist-pendulum 
system, the two parts brought into coordination are done so contingently rather than necessarily 
– they are not bound to act together, but do so in the pursuit of goals and under constraints 
specific to the coordination pattern attained and task provided in the experimental context. In (c) 
and (d) it is noted that the coordination is not trivial, in the sense that it can occur even when the 
parts in coordination do not have the same natural or “preferred” movement frequencies or 
amplitude and not just incidentally, and that coordination is a mutual product of the individual 
wrist-pendulum systems tendencies to move at their own preferred pace (gravitational potential) 
and the tendency for them to be drawn into moving together (elastic potential).   
 The dynamics of the double wrist-pendulum system were formalized by Haken, Kelso & 
Bunz (1985) in the HKB model, which provides a mathematical description of the coordination 
dynamics of a pair of loosely coupled oscillators. Because it describes the dynamics of coupled 
oscillators generally, and not those of wrist-pendulum systems specifically, the HKB model 
meets the criteria for an “intrinsic physical model” as set forth by Kugler & Turvey (1987): it is a 
model that contains no intrinsic unit of analysis, and as such may be fit to phenomena with a 
variety of fundamental units in a variety of contexts. Notably, the HKB model does not specify 
any particular means by which the oscillators must be coupled; in this way it is again indifferent 
to the component parts of the systems whose behavior it describes. However, the model’s 
validation, and many of its extensions since, occurred in the context of bimanual rhythmic 
coordination; its promise as an intrinsic physical model with broad applicability to many types of 
systems has only more recently been borne out. As applied to the double wrist-pendulum 
system, the HKB model characterizes each individual wrist-pendulum as a nonlinear oscillator, 
which, when coupled through neural linkages and/or perceptual information, produces 
coordinated movement which is the joint product of cooperative and competitive forces – 
“magnet” and “maintenance” tendencies (Rosenblum & Turvey, 1988). The magnet tendency 
refers here to the pull each oscillator is subject to from the other, drawing them together, while 
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the maintenance tendency refers to each oscillator’s propensity to move at its own natural or 
preferred frequency (i.e., its eigenfrequency).  
 The HKB equation describes the motion of the double wrist-pendulum system in terms of 
relative phase dynamics (Haken, et al., 1985). Relative phase bears a special status in the 
study of rhythmic coordination because it serves to characterize the macroscopic, qualitative 
state of the system as a whole. That is, relative phase provides a way to view, in a single 
variable, what sort of coordination is currently happening. It is necessarily a relational measure, 
in that it can only be obtained through the comparison of two components (limbs, fingers, etc.) 
involved in coordination and is a product of them both. The position of each wrist-pendulum 
system can be represented spatially, in terms of its location. For the study of coordination, 
however, it is beneficial to instead represent the state of each wrist-pendulum system in terms 
of phase, where each movement cycle sees the wrist-pendulum systems moving through phase 
angle values from 0° to 360°. In a back-and-forth movement such as pendulum swinging, 0° 
might represent the starting point of the movement: say, full ulnar deviation of the wrist, where 
the pendulum reaches its maximal “backwards” extension. Then 180° would represent the other 
extrema, full radial deviation, corresponding to the mid-way point of the continuous cyclical 
movement, and 360° the origin point again. Thus through the forward portion of the swinging 
motion phase advances from 0° to 180°, and in the backwards portion from 180° to 360°. 
Because 0° and 360° phase overlap and represent the same point in the movement cycle, 
phase angle “wraps”, allowing the progression from 0° through 360° to be repeated with each 
movement cycle. The state of the double wrist-pendulum system can then be represented in 
terms of relative phase – or, the difference in the phase angles of the two wrist-pendulums. 
Importantly, relative phase provides a much more stable value than the individual positions or 
phases of the wrist-pendulum systems, and therefore captures the fact that even though the 
individual subsystems are in motion, the relation between them is more or less constant (Haken, 
et al., 1985). Two canonical coordination patterns are easily identified in terms of relative phase. 
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When the wrist-pendulum systems move in the same direction at the same time they are said to 
be operating in-phase, and relative phase is at or near 0°. Similarly, when they are moving in 
different directions, though at the same time and with the same frequency, they are said to be 
operating in anti-phase, and relative phase is at or near 180° (or π). These modes correspond 
to attractor states of relative phase, or states to which the system is drawn.  
This single-variable approach to characterizing the state of a system follows from 
Haken’s (1983) synergetics, which identifies that “in many cases the behavior of complex 
systems can be successfully modeled by means of a few macroscopic quantities in those 
situations where the behavior of the system changes qualitatively” (Haken, et al., 1985, p 348). 
Relative phase and similar macroscopic quantities describing the qualitative state of a system 
are commonly known as order parameters. Order parameters are significant in that, while 
capturing the qualitative state of systems in general, they specifically aid in understanding the 
impredicativity of complex systems. In such systems, “not only is [the order parameter] created 
by the cooperation of the individual components . . . but the order parameter in turn governs the 
behavior of these components” (Haken, et al., 1985, p348). Those parameters which affect 
order parameter dynamics, and which may change the qualitative state of the system in a 
typically nonlinear fashion, are known as control parameters (Haken, 1984). Gradual changes in 
control parameters may produce no change in an order parameter up to a threshold value, at 
which point a large, sudden change in the order parameter occurs. Such a nonlinear change is 
referred to as a bifurcation, or catastrophe (Kelso, 1984; Schmidt, et al., 1993).  
In the case of rhythmic coordination, movement frequency serves as a primary control 
parameter, and largely determines which coordination modes are available. At lower movement 
frequencies, both the in-phase and anti-phase modes of coordination are stable, and either can 
be maintained with relative ease (Haken, et al. 1985). If the movement frequency is increased, 
however, the anti-phase mode becomes less stable, and at high movement frequencies only the 
in-phase mode is stable. As such, certain peculiar phenomenon may occur. As observed by 
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Haken, et al. (1985), if one begins coordinating in the anti-phase mode at a low frequency, and 
movement frequency is increased, beyond some critical threshold a spontaneous switch to the 
in-phase mode occurs. If movement frequency is then reduced back below the critical threshold, 
there is no corresponding spontaneous switch back to the anti-phase mode. Further, if one 
begins in the in-phase mode and increases movement frequency, no spontaneous switch to the 
anti-phase mode occurs. The available attractor states for bimanual rhythmic coordination are 
thus determined by the control parameter. A more complete enumeration of predictions based 
on the HKB model is given by Amazeen, et al. (1995). Presently, it is important only to introduce 
that in these, as well as many other studies which reference the HKB model, relative phase is 
given by ϕ, and movement frequency by b/a. An additional parameter, Δω, refers to the 
difference in eigenfrequencies between the two subsystems, and is typically called detuning or 
an imperfection parameter. Δω therefore accommodates asymmetry in coordination, as occurs 
when, for example, the pendulums of the wrist-pendulum systems have different physical 
properties.  
To summarize, the dynamical systems perspective encourages the study of rhythmic 
coordination not as a matter of top-down specification of movement, but rather as a matter of 
dynamical pattern formation; coordination results from the balance and interplay of top-down 
and bottom-up forces. This coordination can be described by an order parameter, relative 
phase, which takes on certain preferred values (i.e. attractor states), corresponding to preferred 
modes of coordination, according to the values of one or more control parameters. Empirical 
study of relative phase dynamics in rhythmic coordination confirms that it bears the hallmarks of 
a nonlinear, complex system (Kelso, Holt, Rubin & Kugler, 1981; Kelso, 1984; Haken, Kelso & 
Bunz, 1985; Kay, Kelso, Saltzman & Shoner, 1987).  
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2.2 Intrapersonal Rhythmic Coordination 
 As noted in section 2.1, early experiments on bimanual rhythmic coordination led to the 
formalization of relative phase dynamics in the HKB model (Kelso, et al. 1981, Kelso, 1984 
Haken, et al., 1985). Subsequent experiments have, with few exceptions, validated the model 
(Beek, Peper & Daffertshofer, 2001). A great deal of work since then has attempted to extend 
the model to accommodate new factors, and apply it to novel types of coordination. Two related 
questions are posed: what affects the coordination dynamics identified in the HKB model, and to 
what can the HKB model be applied? In this section, a summary answer will be provided for the 
former. In the next section (2.3), a partial answer is provided for the latter via discussion of the 
application of the HKB model to interpersonal rhythmic coordination.  
A few key factors which bear relevance to the present work have been shown to affect 
the relative phase dynamics of bimanual rhythmic coordination: frequency of movement, 
detuning, attention, and environmental coupling. The first, movement frequency, is identified as 
a control parameter of the double wrist-pendulum system, and has been central to its study (as 
noted in section 2.1). It is consistently found that increasing movement frequency decreases the 
stability of coordination (Kelso, 1984; Schmidt, Shaw & Turvey, 1993; Byblow, Carson & 
Goodman, 1994; Schmidt, Bienvenu, Fitzpatrick & Amazeen, 1998; Zanone, Monno, Temprado 
& Laurent, 2001; Monno, Temprado, Zanone & Laurent, 2002). At lower movement frequencies, 
both in-phase and anti-phase coordination are stable, though in-phase is typically more so 
(Treffner & Turvey, 1995; Zanone, et al., 2001; Richardson, Lopresti-Goodman, Mancini, Kay & 
Schmidt, 2008). Above a certain “critical frequency”, only in-phase coordination is stable. This 
critical frequency therefore marks a bifurcation point – a point on either side of which different 
qualitative states of the sytem, or modes of coordination, are available. However, the precise 
critical frequency is contingent on the preferred frequency of the coordinated parts; when the 
preferred frequency of a part is slower – due to, for example, being heavier or longer – the 
critical frequency is also slower (Kelso, 1984). Kelso (1984) further notes that this pattern is 
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consistent regardless of the skill level of participants. Thus, the predominance of the in-phase 
and anti-phase modes, as well as the dependence of their stability on movement frequency, is 
an inherent product of the dynamics of the coupled oscillators in rhythmic coordination, and is 
not specific to one type of participant or another.  
A second key parameter, detuning (denoted Δω) has received much attention in 
research on rhythmic coordination. Where ω refers to the preferred frequency, or 
eigenfrequency, of each oscillator involved in coordination, Δω ≠ 0 indicates a difference in their 
eigenfrequencies. Shifts in Δω away from 0 can occur by several means, though commonly, 
they are experimentally induced by requiring participants to use pendulums of different weights 
or dimensions. This approach was adopted by Schmidt, et al (1993), who found that for Δω ≠ 0, 
the attractor states of the system where shifted from 0° (in-phase) and 180° (anti-phase). That 
is, a difference in the eigenfrequencies of the coordinated oscillators lead to one leading or 
lagging the other in relative phase. Further, this attractor point drift was accompanied by 
decreases in the attractor’s strength: with increases in the absolute value of Δω, coordination 
became more unstable (Schmidt, et al. 1993). The effect of shifts in Δω on the location of the 
attractor point, as well as the stability of coordination, is corroborated in several studies (Treffner 
& Turvey, 1995; Pellechia, Shockley & Turvey, 2005; Kudo, Park, Kay & Turvey, 2006).  
However, there is considerable evidence that, even without experimental manipulation, it 
is often the case that Δω ≠ 0. Schmidt, et al. (1998) indicate that more typically, the limbs 
involved in coordination are not identical: an arm and leg, for example, necessarily have 
different eigenfrequencies due to the difference in their dimensions. Even with matched limbs 
(i.e., two arms) in bimanual rhythmic coordination, Δω ≠ 0 due to effects of handedness. 
Treffner & Turvey (1995) found that the attractor points of bimanual coordination differ from 0° 
and 180° according to both handedness and experimentally induced detuning. In most cases, 
the dominant (D) hand exhibits phase lead relative to the non-dominant (ND) hand (Treffner & 
Turvey, 1995; Swinnen, Jardin & Meulenbroek, 1996; Amazeen, Amazeen, Treffner & Turvey, 
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1997; Riley, Amazeen, Amazeen, Treffner & Turvey, 1997). Additionally, the effect of 
handedness is magnified as movement frequency is increased (Amazeen, et al., 1997), and it 
greater for anti-phase than in-phase coordination (Treffner & Turvey, 1995); in general, less 
stable coordination is more affected by handedness. It has been argued that handedness 
effects may be attributable to asymmetrical coupling between the two oscillators (Amazeen, et 
al., 1997; de Poel, Peper & Beek, 2008). Effectively, the movements of one limb are more 
affected by the other than vice versa. De Poel, et al. (2008) identified that the ND hand is more 
strongly coupled to the D hand than the D hand is to the ND hand. This was established via a 
perturbation paradigm, in which the movements of one hand are interrupted, knocked off 
course, nudged, or otherwise interfered with briefly. If the movement of the D hand is perturbed, 
this has a stronger impact on the movement of the ND hand than the converse case. This 
finding corroborates earlier evidence in favor of the asymmetrical coupling hypothesis from 
Amazeen, et al. (1997).  
Third, attention has been shown in multiple studies to affect the dynamics of rhythmic 
coordination. However, the method of manipulating attention, and, relatedly, precisely what is 
meant by attention, varies considerably. De Poel, et al. (2008) identify two primary methods of 
manipulating attention: accuracy requirements for one limb, and instructing to participants to 
look at or concentrate on one limb. A third method, not addressed by De Poel, et al. (2008), 
involves the use of dual-task conditions. These three methods will be addressed in turn. 
Accuracy requirements have been shown to affect coordination by Amazeen, et al. (1997), 
Amazeen, Ringenbach & Amazeen, (2005), Pellegrini, Andrade & Teixeira (2004), and Riley, et 
al. (1997). In these, participants engage in bimanual rhythmic coordination (i.e. pendulum 
swinging), where one pendulum is required to touch hanging paper targets on each forward and 
backward swing. In fulfilling this added accuracy requirement, the participants necessarily 
attend more to the wrist-pendulum system which must hit the targets. Riley, et al. (1997) found 
that this requirement led to shifts in attractor location away from 0° for in-phase coordination: 
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mean relative phase changed in the direction of attention, such that the wrist-pendulum system 
which was attended to led the other in phase. Using the same manipulation, Amazeen, et al. 
(1997) found that attending to one’s D hand increases the stability of coordination (indexed by 
SDϕ), while attending to the ND hand decreases it. However, this paradigm is flawed in that 
while accuracy requirements do have the effect of directing attention, they also impose 
constraints on the amplitude of movement. Thus, phenomena such as the shift in attractor 
location found with accuracy requirements for one limb may be caused by changes in its 
amplitude, rather than changes in attention. Indeed, Amazeen, et al. (2005) note that changes in 
amplitude may account for the effects found when accuracy requirements are imposed. 
However, similar effects on attractor location and stability are found when participants are 
merely instructed to look at or attend to one limb or the other (Swinnen, et al., 1996; Wuyts, 
Summers, Carson, Byblow & Semjen, 1996; Franz, 2004; de Poel, et al., 2008). Thus, it 
appears that attending to one limb or the other, even absent additional accuracy requirements, 
affects the dynamics of rhythmic coordination.  
Several studies have also assessed the extent to which presence of a simultaneous 
secondary task affects the dynamics of rhythmic coordination. Though such dual-task 
manipulations are often framed in terms of attention, it is important to note that attention is 
meant in a different sense than in those studies previously addressed. Where accuracy 
requirements or instructions to attend to one limb specifically direct attention towards aspects of 
the coordination itself, dual-task conditions shift attention away from rhythmic coordination more 
generally. It has been argued that they have the secondary effect of placing participants under 
additional cognitive load; conversely, it has been argued that cognitive load, or shared-resource 
accounts more generally, cannot fully account for dual-task effects in coordination (Pellechia, 
2003). Pellechia (2003) contends that attention serves the function of coupling perception and 
action in the course of goal-directed behavior. Dual-task conditions therefore affect coordination 
dynamics not because they deplete a shared cognitive resource responsible for both, but rather 
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because they interfere with the “linkage of perceptual and motor subsystems,” where it is 
understood that “research does not support the traditional assumption that cognition and motor 
control are independent functions (Pellechia, 2003, p 30). As an upshot, this account implies 
that even though coordination dynamics are emergent phenomena, they require, or minimally 
are benefitted by, ongoing perceptual guidance.  
It should be beneficial, then, to compare results from dual-task attention manipulations to 
those obtained with directed attention manipulations: the differences between them are key in 
unpacking the effects of ST on motoric tasks, as proposed in section 1 and experimentally 
evaluated in section 5. Performance trade-offs have been found with dual-task manipulations 
involving a secondary response time (RT) task during rhythmic coordination (Zanone, et al., 
2001; Monno, et al., 2002). Instructions to prioritize the coordination task lead to increased RT 
relative to a condition where neither task is prioritized. Further, the RT “cost” of prioritizing 
coordination depends on the mode of coordination; prioritizing a less stable mode (i.e., anti-
phase) incurs greater cost (Monno, et al., 2002). Pellechia and Turvey (2001) required 
participants to engage in a variety of information-reduction tasks while performing bimanual 
rhythmic coordination, prioritizing neither task. Information-reduction tasks included, in order of 
increasing difficulty, reversing the order of the digits in a two-digit number, adding two digits, 
classifying a number as high (>50) or low (<50) and odd or even, and counting backwards by 
threes. It was found that, in the dual-task conditions, attractor location was shifted, with greater 
shifts associated with greater information-reduction demands (Pellechia & Turvey, 2001). The 
stability of coordination, however, was not affected. These results were generally replicated by 
Pellechia, et al. (2005), who found that attractor location was shifted by the presence of an 
information-reduction task. Pellechia, et al. (2005) assessed of the stability of coordination using 
cross-recurrence quantification (CRQ) analysis. CRQ is a nonlinear analysis used in the study 
of dynamical and complex systems. Applied to time series data, is captures aspects of the 
trajectory, or change over time, of parameters. Typically, stability in rhythmic coordination is 
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indexed by a single variable, SDϕ (standard deviation of relative phase). CRQ provides a more 
detailed view than what is available from SDϕ by itself, furnishing measures of, for example, 
how frequently parameters took on the same values, or how long they persisted at a given 
value. In the current case, CRQ facilitates the analysis of stability by providing separate 
variables associated with its two determining elements of variability: attractor strength and 
noise. These are discussed more thoroughly and with reference to the current research in 
section 4.2.4. Pellechia, et al.’s (2005) use of CRQ revealed that the information-reduction task 
increased the magnitude of noise in the system, but did not affect attractor strength. Similarly, 
Shockley & Turvey (2005; 2006) found that engaging in a memory task while performing 
bimanual rhythmic coordination shifted attractor location and increased noise, but had no effect 
on attractor strength.  
Thus, there is evidence that dual-task attention manipulations shift attractor locations 
(Pellechia & Turvey, 2001; Pellechia, et al., 2005), decrease stability (Zanone, et al., 2001; 
Monno, et al., 2002), and increase noise (Pellechia, et al., 2005; Shockley & Turvey 2005; 
Shockley & Turvey, 2006). Further, directed attention manipulations are shown to shift attractor 
locations (Amazeen, et al. 1997; Riley, et al., 1997) and, conditionally, decrease stability 
(Swinnen, et al., 1996; Wuyts, et al., 1996; Riley, et al., 1997; de Poel, et al., 2008). Attractor 
location is consistently affected by both directed attention and dual-task attention manipulations. 
However, except in those studies which employ CRQ, it is not possible to tell whether observed 
effects on stability are due to increased noise, or decreased attractor strength. Because, of the 
work addressed in this section, CRQ has only been used in studies involving dual-task attention 
manipulations, it may be the case that dual-task attention manipulations affect stability through 
increased noise, while directed attention manipulations affect it through decreased attractor 
strength. The fact that shifts in attractor location are commonly associated with decreases in 
attractor strength lends some credibility to this possibility (Schmidt, et al., 1993). However, it is 
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not possible, at present, to settle this matter. Further discussion of attentional effects in 
interpersonal coordination is provided in section 2.3.  
Finally, some studies suggest that environmental coupling strength impacts rhythmic 
coordination. In many studies, rhythmic coordination is self-paced. That is, participants swing 
pendulums at a pace which they find comfortable. However, it is often desirable to maintain 
experimental control over movement frequency; this is commonly achieved by using an auditory 
metronome to which participants must match their movement frequency. In such cases the 
system is said to be driven, or feature a forcing function (Byblow, et al. 1994). The presence of a 
forcing function somewhat alters the dynamics of rhythmic coordination. That is, they no longer 
arise merely from the interaction of the coupled oscillators, but also feature some influence from 
the external rhythm provided by the metronome to which the system is “entrained”. The strength 
of this entrainment is, in itself, a topic of interest. Byblow, et al. (1994) note that the stability of 
coordination is increased when metronome beats line up with the points of a movement’s 
maximum excursion – in their case, maximum pronation or supination of the wrist. They argue 
that this alignment facilitates coupling with the metronome (Byblow, et al., 1994). Relatedly, it 
has been found that placing metronome beats every half cycle rather than every whole cycle 
(i.e. at maximum pronation and supination, or radial and ulnar deviation, rather than one or the 
other) increases both stability and movement amplitude (Kudo, et al., 2006). In some ways this 
finding appears at odds with those from studies on attention. Here, instead of decreasing 
stability, additional environmental information in the form of more metronome beats has the 
effect of increasing stability. It is suggested, therefore, that attention to environmental 
information does not necessarily affect the stability of coordination in one way or another, but 
rather that certain types of information may facilitate coordination, while others interfere with it.  
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2.3 Interpersonal Rhythmic Coordination 
 Part of the HKB model’s appeal lies in its generality: because it does not specify any 
particular physical composition of the oscillators involved, nor any particular method coupling 
them, it can, in theory, be applied a relatively wide variety of phenomena (Haken, et al., 1985). 
Schmidt & Richardson (2008) pose this possibility as so: “if indeed, in-phase and anti-phase are 
canonical steady states that arise as a consequence of the dynamics of oscillators and their 
interactions, should not they also be differentially stable across two neurally-based oscillators 
linked by perceptual information? Is it possible to have functional synergies or coordinative 
structures written across two individuals using the language of dynamics?” (p 284). The answer 
to both questions is, to be brief, yes. As discussed in section 2.2, the HKB model accurately 
describes the relative phase dynamics of bimanual rhythmic coordination of one person under 
various conditions. However, it applies equally to the dynamics of rhythmic coordination which 
occurs between people, who are understood to be involved in a social synergy – a type of 
coordinative structures defined across individuals, rather than within one (Marsh, Richardson, 
Baron & Schmidt, 2006; Riley, Richardson, Shockley & Ramenzoni, 2011). This possibility was 
recognized by Haken, et al. (1985), who speculated that coupling in intrapersonal coordination 
occurred through some variety of neural link while noting that “with patients whose corpus 
callosum has been severed, effectively cutting off communication between the left and right 
cerebral hemispheres. . . control of the two index fingers in cyclical tasks is not independent” (p 
355).  
The observation that coupled oscillator dynamics persist when the corpus collosum is 
severed, combined with the many experiments demonstrating them in interpersonal 
coordination, indicates that there is validity in Kugler, et al (1980)’s original assertion that motor 
coordination is not strictly a matter of top-down neural control. Cognitive activity has been 
shown to influence rhythmic coordination (Pellechia & Turvey, 2001; Zanone, et al., 2001; 
Monno, et al., 2002; Pellechia, 2003 Pellechia, et al., 2005; Shockley & Turvey 2005; Shockley 
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& Turvey, 2006). However, it does not follow that coordination is therefore the product of neural 
control, as has been suggested in various earlier theories (Turvey, 2007). Rather, the 
coordination dynamics are an emergent result of cooperative and competitive forces which span 
levels of analysis. Further, the repeated observation that intra- and interpersonal coordination 
share dynamics indicates that the role of cognition in either is not one of specifying or 
determining movement, but rather supporting it through various forms of informational linkage 
which serve the coupling function, where said informational linkage may be established through 
any available neural, perceptual, or mechanical means. As indicated by Schmidt, et al. (1998): 
“The same control processes seem to be at work regardless of whether the coordination 
involves one nervous system or two or whether the coupling medium is the optic array or neural 
tissue” (Schmidt et al., 1998, p 884). This has the fortunate consequence of providing a partial 
answer to the degrees of freedom problem in motor control, originally posed by Bernstein 
(described by Latash, 1993), which considers how the body selects from the many available 
options for joint angles, muscle innervations, and so on the produce movement, and which 
provided impetus for the development of the dynamical systems perspective presented by 
Kugler, et al. (1980). It is not the case, however, that extending the study of coordination 
dynamics to the social domain benefits only the understanding of coordination. It also provides a 
new avenue by which to explore social behavior. Schmidt & Richardson (2008) levy the critique 
that existing approaches to interpersonal interaction, “focus on the ‘semantics’ rather than the 
‘syntax’ of social interactions, the ‘content’ rather than the ‘process’”, and further that access to 
the “syntax” of social interaction would require us to characterize “positive and negative social 
interactions in terms of the efficiency and stability with which the component actions achieve an 
intended social goal”, concluding that “in order to understand this continuum of stabilities, the 
“how-well-it-is-going-ness”, that characterize these processes of social coordination, we need to 
turn to the universal logic of stability of natural systems: dynamical processes of self-
organization” (p 282).  
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Experimental findings support the main predictions of the HKB model in rhythmic 
coordination occurring between individuals. Schmidt, Carello & Turvey (1990) found that, for 
interpersonal coordination, the anti-phase mode is less stable than the in-phase mode, and the 
stability of both decreases, albeit at different rates, as movement frequency increases. These 
effects of coordination mode and movement frequency have since been replicated in multiple 
studies (e.g., Schmidt, et al., 1997; Richardson, et al., 2008). There is also evidence that 
detuning affects the dynamics of interpersonal rhythmic coordination; it has been found that 
experimentally induced detuning (i.e. two people use pendulums with different dimensions) lead 
to shifts in the attractor points of relative phase (Schmidt & Turvey, 1994; Amazeen, et al., 1995; 
Schmidt, et al., 1998; Richardson, et al., 2007). 
Effects of attention have received considerable interest in studies of interpersonal 
coordination due to the significance of perceptual information in providing the coupling required 
for its occurrence. Where perceptual information is required to maintain coordination, the 
availability of said perceptual information and the extent to which the coordinating individuals 
attend to it is of primary concern. In a direct comparison of intra- and interpersonal coordination, 
Schmidt, et al. (1998) found evidence for weaker coupling in interpersonal coordination. This is 
attributed to the fact that “the informational linkage across the optic array is less robust than the 
informational linkage across the CNS” (p 898). “Less robust” is given two possible, and not 
mutually exclusive, interpretations: either the full kinematic information required for coordination 
is not actually available in the optic array, or information pickup through vision is less efficient. 
That is, visual information pickup may be constrained by attention in ways not true of 
proprioceptive information pickup. Evidence of attention’s role is found in studies of 
spontaneous interpersonal coordination – coordination that occurs between individuals without 
specific planning, instruction, or effort. It has been found that two people swinging pendulums 
side-by-side engage in spontaneous coordination when they have access to visual information 
about each other’s movement (Richardson, Marsh & Schmidt, 2005). However, spontaneous 
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coordination is not unique to pendulum-swinging tasks: Richardson, et al (2007) found that 
participants rocking in rocking chairs spontaneously coordinate when focusing on each other’s 
movements, with weaker coordination when they have only peripheral visual information, and no 
synchrony when they lacked visual information entirely. Demos, Chaffin, Begosh, Daniels & 
Marsh, (2011) provide additional evidence of spontaneous coordination between participants 
rocking in rocking chairs with visual or auditory information. These studies suggest that attention 
plays a role in spontaneous coordination. Of course, attention also contributes to intentional 
interpersonal coordination. Using a dyadic task based on a basketball drill, Meerhoff & de Poel 
(2014) found that when one participant was denied visual information about the other’s 
movements, coupling between participants was asymmetric, even though the participant denied 
visual information still substantially contributed to the task. Further, even when both dyad 
members have visual information about the other’s movement, coupling between them is 
asymmetric (Meerhoff & de Poel, 2014). They consider that “some agents are more sensitive to 
information for interaction that others, hence they have a higher degree of interact-ability . . . 
potentially, this relates to the degree at which action possibilities are invited for an agent and the 
degree at which an agent is able to attune to the information that specifies these affordances” 
(Meerhoff & de Poel, 2014, p 75).   
Coming from a dynamical systems perspective which understands coordination 
dynamics as physically grounded, one might speculate that they are therefore impenetrable to 
social factors (Miles, Griffiths, Richardson & Macrae, 2010). On the contrary, several social 
factors have been shown to influence interpersonal coordination dynamics. Social competence, 
for instance, has been shown to impact the stability of interpersonal coordination. Schmidt, 
Christianson, Carello & Baron (1994) formed participant dyads composed of two high-skilled, 
two low-skilled, and mixed-skilled participants as identified by a Social Skills Inventory, finding 
that dyads with mixed social skill were able to achieve more stable coordination, potentially due 
to an implicit leader-follower dynamic. Beyond social competence, general disposition towards 
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social interaction may impact coordination. Lumsden, Miles, Richardson, Smith & Macrae 
(2012) indicate that participants more inclined towards cooperative behavior, as indicated by a 
Social Values Orientation metric, spontaneously coordinated with a confederate more than 
those less inclined towards cooperation. They posited that differences in the way pro-social and 
pro-self participants allocated attention could account for the observed differences, in that if it 
were the case that pro-social participants attended more to the confederate, spontaneous 
synchrony would more likely ensue (Lumsden, et al., 2012). Further, two studies indicate a 
contribution of group membership. Using a minimal groups paradigm, Miles, Lumsden, 
Richardson & Macrae (2011) found that spontaneous synchrony occurs more frequently with 
out-group members, potentially as a means of closing social distance in absence of 
disincentives for doing so. In intentional coordination, however, Dotsch & Schubo (2015) found 
that participants performed better on a joint action task when coordinating with in-group than 
out-group members. Familiarity may also affect interpersonal coordination: in a joint action task, 
teams composed of participants with less history of working together performed better, and 
were more adaptable, than teams composed of members that were more familiar with each 
other (Gorman, Amazeen & Cooke, 2010). Finally, one novel study found that the experience of 
having to wait for a tardy confederate to show up affected interpersonal coordination (Miles, et 
al., 2010). Although there were no consequences for the participants associated with the 
confederate’s tardiness, participants engaged in more spontaneous synchrony, and reported a 
more positive experience, when the confederate showed up on time (Miles, et al., 2010). 
Differences in spontaneous coordination were attributed to the fact that “the participant was able 
to control the nature of the coupling by means of directing her visual attention toward, or away 
from, the confederate” (Miles, et al., 2010, p 58).  
Additionally, engaging in interpersonal coordination appears to lead to a number of 
benefits, only a few of which are given here as examples. Engaging in interpersonal 
coordination has been shown to lead to increased helping behavior in both children (Kirschner & 
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Tomasello, 2010) and adults (Kokal, Engel, Kirschner & Keysers, 2011; Wiltermuth & Heath, 
2009). Interestingly, Kokal, et al. (2011) only found evidence for increased helping behavior 
following coordination, implemented through a drumming task, described as in-sync. Engaging 
in the same actions in a simultaneous-but-uncoordinated manner with the confederate did not 
lead to increased helping behavior, suggesting that the type or quality of coordination impacts 
its social consequences (Kokal, et al., 2011). There is also some evidence that engaging in 
interpersonal coordination increases trust (Launay, Dean & Bailes, 2013) and compliance 
(Wiltermuth, 2011), and promotes liking and rapport (Hove & Risen, 2009).  
 
2.4 Coordination in Context 
 While the study of interpersonal coordination has revealed that social factors do affect 
coordination dynamics, the social factors considered are relatively limited, and the ability to 
assess their effects curtailed by experimental paradigms which typically frame the coordination 
to be engaged in as value-neutral, existing merely for the sake of an experiment. Advancing 
understandings of both coordination and social dynamics will likely require a broader 
understanding of both the effects and consequences of coordinating, either individually or with 
others, where it is understood that any coordinative act is impredicatively related to its material 
and social contexts. Put otherwise, there is a more general sense in which coordinative acts 
simultaneously participate in, give rise to, and follow from social goings-on.  
Further, it is commonly the social character of action that furnishes whatever intention 
guides it. Schmidt & Richardson (2008) indicate that simple actions are often performed to 
achieve social ends, and as such can be defined in social terms: standing still can be an 
opportunity for conversation, and locomotion an escape. Kugler & Turvey (1987) pose the issue 
of intention in dynamical terms, indicating that “the content of a person’s intention 
(approximately, the desired act) is tantamount to an exceptional boundary condition or 
constraint that harnesses the lawful relations and fetters the use of resources” (p 405). A bridge 
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back from this purely dynamical framing to the social domain is provided by Marsh, Richardson 
& Schmidt (2009), who indicate that “how others ‘moor’ us in space and time defines the frames 
of reference for our past, present, and future behavior” (p 323). These frames of reference are 
analogous to the boundary conditions and constraints of Kugler & Turvey (1987). Thus, 
intentions, including those which arise in interaction with others, provide boundary conditions for 
coordination, and are potentially best understood as operating at the level of parameter or graph 
dynamics.  
Marsh, et al. (2006) provide the basis for a more thoroughgoing theoretical integration of 
dynamical systems theory and social psychology, arguing that “the task is, ultimately, to explain 
real interaction among embodied selves, and not only the interactions between two cognitive 
systems (or interactions within a cognitive system)” (p 7). In satisfying this task, they posit that 
collectives of individuals, like collectives of parts within one organism, are coordinative 
structures (Kugler, et al., 1980); the “individuals in a collective operate as a ‘plural subject’ of 
action” (Marsh, et al., 2006, p 6). The proposal of a “plural subject” opens the door to familiar 
questions of perception-action research reframed across new levels of analysis. That is, what 
actions are made available to an individual by virtue of their membership in a collective? What 
actions are made available to the collective by virtue of the individuals it comprises? What 
determines the time-evolution – in terms of learning, growth, or development - of actions 
available to both by virtue of the other? How are they constrained by a physical environment 
which is both changing and manipulable, individual histories, and intergroup dynamics or 
cultural trends which potentially supervene on all the aforementioned?  
Appreciating the depth of Marsh, et al.’s (2006) social psychological reframing of 
perception-action research – or, conversely, their perception-action reframing of social 
psychology – is aided by the Homeokinetics perspective of Iberall (1995). As described by 
Yates (2008), Homeokinetics suggests that the functional activities of organisms can be defined 
across multiple nested spatial and temporal scales. Put bluntly, an organism does things here 
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and there, this hour, this day, this week, and so on. Because perception and action are 
understood in coordination research stemming from the dynamical system perspective, and in 
ecological psychology more broadly (Gibson, 1966; 1979), as functionally specific, they 
necessarily occur across all the spatiotemporal scales at which function resides. As function 
crosses scales, so do perception and action pursuant to it. Attempts to enfold perception and 
action occurring across spatiotemporal scales in unified concepts are not new to ecological 
psychology: the theory of behavior settings (Barker, 1968) and the Skilled Intentionality 
Framework (Van Dijk & Rietveld, 2016) are two such examples. However, an advantage of the 
social synergy perspective of Marsh, et al. (2006) is its integration of concepts and methods of 
dynamical systems theory. These hint at a way forward, one which might allow for a greater 
understanding of the cross-scale character of social perceiving and acting.  
 Finally, prior research indicates that group membership affects interpersonal 
coordination. However, where groups are not artificially created in lab settings, they carry 
personal and social meaning (Tajfel, 1974; Tajfel, Turner, Austin & Worchel, 1979). People 
place value on their group memberships, and identify certain qualities with their own and other 
groups. As such, interactions between members of different social groups are not merely 
between “Group A” and “Group B”, but between “people like me” and “people like you”. The 
success, or even the presence, of interpersonal coordination as embedded in these larger social 
and cultural dynamics may have both individual and dyad- or higher-level consequences. While 
existing research provides an entry point to understanding the influence of social factors on 
interpersonal coordination, there some sense in which the emphasis is misplaced. It is not 
merely that social factors impinge on coordination. Rather, coordination is subsumed within the 
total social activity of a person’s life. This is true even of coordination involving only one person. 
For example, a woman throwing a ball does so having learned the act of throwing in a culture 
with a concept of what it means to “throw like a girl”, and with the knowledge that observers and 
co-actors present likely carry this stereotype, even if it is not specifically endorsed. When social 
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elements of a situation or coordinative act are changed, it is not simply that dynamics are 
nudged in one way or another. The “what-I-am-doing-ness” of the act is changed; throwing a 
ball becomes proving a stereotype wrong. It is hoped, then, that the study of social factors and 
coordination dynamics cuts two ways. First, towards a fuller understanding of how the various 
and multiple material and social embeddings of both intra- and interpersonal coordination affect 
its dynamics, and then, towards a theory of action’s role in identifying, shaping, and fulfilling 
social motives and affordances which cross levels of analysis. As noted in section 1, it is this 
social embedding of action which the current research attempts to manipulate, and the 
approach used for doing so is derived from the social psychological literature on stereotype 
threat.  
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3. Stereotype Threat 
3.1 Definition and Development 
Steele & Aronson’s (1995) seminal work on Stereotype Threat (ST) stemmed from the 
observation that, even when controlling for a number of factors, such as SES, past academic 
achievement, etc., Black students underperformed relative to expectations and to their White 
peers on many academic tasks. Where others attributed this and similar performance gaps to 
inherent group-based differences, thereby perpetuating harmful stereotypes (Herrnstein, 1995), 
Steele & Aronson (1995) theorized that certain factors which inhere in situations, rather than in 
specific individuals or groups, can lead to worse performance. A Black student in a high-stakes 
academic environment, for example, faces a kind of uphill battle in which they must contend 
with derogatory and false stereotypes regarding the academic performance and intellectual 
ability of Blacks in general. On any given task they are faced with the prospect of inadvertently 
conforming to these stereotypes should they perform poorly, potentially providing evidence for 
their veracity in the eyes of others. Even if they perform well, they may be judged 
stereotypically.  
It was suggested, and numerous studies have since shown, that the added pressure of 
this predicament in itself leads to performance decline. In Steele & Aronson’s (1995) original 
experiments, black and white students took a portion of the Graduate Records Examination 
(GRE). Some of these students were told that the exam was diagnostic of intellectual ability, 
thus activating negative stereotypes for the Black participants regarding their intelligence (ST 
condition), while others were told that it was merely a problem-solving exercise (No ST 
condition). Performance on the test was significantly worse for Black students under ST than 
other groups. This finding is remarkable in many ways, chief among which, for present 
purposes, is the fact that a performance disparity was induced situationally with a small change 
in the task’s framing. It is not for lack of trying or caring on the part of those experiencing ST that 
this performance decline occurs. Steele (1997) notes that ST is more likely among individuals 
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who are among the first in their group to broach some domain – those who have already 
overcome impediments, and are therefore typically highly skilled and motivated. And while ST is 
more likely experienced by certain individuals, it is ultimately a phenomena which occurs by 
virtue of the embedding of individuals in situations featuring certain characteristics which speak 
to the larger social and group dynamics in which they participate. Spencer, Steele & Quinn 
(1999) suggest that ST in everyday situations hinges on broad cultural awareness of negative 
group stereotypes. However, this general awareness of negative stereotypes does not in itself 
lead to the experience of ST; rather, the experience of ST is engendered in certain situations.  
That ST occurs in specific situations, rather than among certain populations or with 
certain stereotypes, is one of its most important characteristics. And because it is a situational 
predicament, ST can, in theory, be induced in members of any group for which negative 
stereotypes exist given the right circumstances. As described by Spencer, et al. (1999), ST is 
“conceptualized as a situational predicament . . . not, we assume, peculiar to the internal 
psychology of particular groups. It can be experienced by members of any group about whom 
negative stereotypes exist - generation ‘X’, the elderly, white males, etc.” (p. 6). Accordingly, ST 
effects have since been demonstrated with stereotypes pertaining to gender (Spencer, et al., 
1999; Inzlicht & Ben-Zeev, 2000), age (Levy, 1996), socioeconomic status (Croizet & Claire, 
1998), mental health status (Henry, von Hippel, & Shapiro, 2010), athletic ability (Stone, Lynch, 
Sjomeling & Darley, 1999; Beilock, Jellison, Rydell, McConnell & Carr, 2006), and more. 
Notably, ST effects are not attributable to the development of a victim identity or withdrawal of 
effort (Steele & Aronson, 1995), internalized inferiority (Aronson, Lustina, Good, Keough, Steele 
& Brown, 1999), or pressure from being observed (Aronson & Steele, 1995; Aronson, et al. 
1999). ST is also not an alternative to, or incompatible with, effects of group role socialization – 
i.e., the cumulative effects of group-based differences in expectations and incentives associated 
with various domains or specific activities (Spencer, et al., 1999). Finally, the stereotypes used 
to induce ST need not have any truth to them (Chalabaev, Sarrazin, Fontayne, Boiche & 
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Clement-Guillotin, 2013) and the individual experiencing ST need not personally believe them to 
be true (Schmader, Hall & Croft, 2015) 
However, there exist certain necessary and sufficient conditions for inducing ST. To 
summarize: there must be a relevant stereotype, the task must be sufficiently difficult, and the 
participant must feel invested in the stereotyped domain. These factors combined create a 
situation in which the participant is aware of the risk of conforming to or being judged in light of a 
negative stereotype, that risk feels present as they confront a task on which failure is a real 
possibility, and that possibility of failure is consequential insofar as they care about, and feel 
personally invested in, the domain which is negatively stereotyped. First, the stereotype must be 
relevant in that it is salient and applicable to the situation: e.g., exposing a woman who is about 
to take a math test to negative stereotypes about women in STEM fields would likely induce ST, 
while stereotypes about women’s athletic abilities in the same situation would not. The 
stereotype may be either about one’s own group (direct targeting), or about another group to 
which one compares unfavorably (indirect targeting; Aronson et al., 1999). Stereotypes 
pertaining to another group to which one compares favorably may result in Stereotype Lift 
(Walton & Cohen, 2003), while positive stereotypes about one’s own group may cause 
Stereotype Susceptibility (Shih, Pittinsky & Ambady, 1999). As noted previously, the stereotype 
does not need to be true, and the individual experiencing ST does not need to be chronically 
targeted by negative stereotypes (Aronson, et al., 1999). Second, the task needs to be 
sufficiently difficult for ST effects to appear. With easier tasks, strong effort and the experience 
of success can counteract ST, whereas with harder tasks any difficulty encountered is 
potentially attributable to negative stereotypes (Spencer, et al., 1999). Only difficult tasks, those 
which test the limits of one’s abilities, make inadvertently conforming to a negative stereotype a 
real possibility (Schmader, Hall & Croft, 2015). Finally, the targeted individual must identify with 
the stereotyped domain (Aronson, et al., 1999). Aronson, et al. (1999) found that the test 
performance of individuals with high domain identification was impacted by ST, but individuals 
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with low domain identification were unaffected. However, there is some indication that the 
necessity of domain identification may only exist, or may exist to a greater extent, in lab 
settings. This is because lab experiments lack the “fate control” of real-life evaluative situations; 
the greater potential consequences of real-life evaluation may cause ST even in low domain-
identified individuals (Aronson, et al. 1999). However, inasmuch as one is concerned with 
experimentally inducing ST, domain identification is a requirement.   
There are also several factors which, while not strictly necessary, increase the likelihood 
or severity of ST. For example, when a task is framed as diagnostic of one’s innate abilities, or 
one is under intense evaluative scrutiny, ST effects are exacerbated (Grabow & Kuhl, 1999; 
Aronson, 2002). Further, a number of individual risk factors for experiencing ST exist, including 
group identification (Schmader, 2002), stigma consciousness (Brown & Pinel, 2003), and 
stereotype acceptance (Aronson, 2002). These individual risk factors contribute to the ironic or 
unexpected occurrence of ST effects. Performance decrements due to ST can appear counter-
intuitive, in that they occur even when, or especially when, the participants are highly motivated 
and domain-identified; that is, when they feel personally invested in the stereotype-relevant 
domain, and want to do well. Additionally, the conditions which meet the above criteria and 
therefore produce ST can be remarkably subtle. Having participants indicate their race on the 
cover page of a test (Steele & Aronson, 1995), or take a test among out-group members 
(Inzlicht & Ben-Zeev, 2000), can lead to ST.  
 
3.2 Effects and Mechanisms of Stereotype Threat 
The effects of ST are varied and task-dependent. It is consistently found that ST leads to 
weaker task performance; this has been demonstrated on the GRE (Steele & Aronson, 1995; 
Croizet & Claire, 1998), Graduate Management Admissions Test (Quin & Spencer, 2002), 
memory tasks (Hess, Auman, Colcombe & Rahhal, 2003), mental rotation tasks (Martens, 
Johns, Greenberg & Schimel, 2006), Stroop tasks (Jamieson & Harkins, 2011), reading span 
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tasks (Mazerolle, Regner Morisset, Rigelleau & Huguet, 2012), and more. In the long term, ST 
may lead to the withdrawal of effort (Chalabaev, et al. 2013), but for a given task it has been 
observed that “if anything stereotype threat makes people try harder on tests” (Aronson, 2002, p 
284). Additional evidence for increased effort under ST is provided by multiple studies (Harkins, 
2006; Huber, Seitchik, Brown & Sternad, 2015; Huber, Brown & Sternad, 2016; Deshayes, 
Clement-Guillotin & Zory, 2019). ST has been reported to lead to higher self-reported anxiety 
(Spencer, et al. 1999), though it may also lead to elevated physiological markers of anxiety 
(Blascovich, Spencer, Quinn & Steele, 2001) even when self-report anxiety is unaffected 
(Bosson, Haymovitz & Pinel, 2004). Additionally, the experience of ST may cause individuals to 
adopt any one of a number of coping strategies, including self-handicapping (Keller, 2002; 
Aronson, 2002), avoidance of challenge (Aronson, 2002), and disidentification (Aronson, 2002). 
The immediate effects of ST on task performance are commonly attributed to decreased 
working memory capacity (Schmader & Johns, 2003; Beilock, Rydell & McConnell, 2007). The 
Integrated Process Model (Schamder, Johns & Forbes, 2008) indicates that ST leads to a 
physiological stress response, thought suppression processes, and more which in turn deplete 
working memory capacity. Schmader & Johns (2003) provide evidence that working memory 
capacity mediates ST effects. Further, Beillock et al. (2007) found that ST effects on working 
memory “spill over” into other working-memory dependent tasks unrelated to the stereotype; if 
one’s working memory capacity is depleted due to ST, even tasks which are not stereotype 
relevant that depend on working memory are negatively affected.  
However, as noted by Schmader et al. (2008), some ST effects are not easily explained 
by impacts on working memory capacity. Research on ST effects in sensorimotor performance 
indicates that for some tasks, attentional processes, rather than working memory, may play a 
causal role. Foundational work on ST in sensorimotor performance was conducted by Stone, 
Lynch, Sjomeling and Darley (1999), who found that Black golfers under ST took more strokes 
to complete a 10-hole golf course; they also had increased self-reported anxiety, though 
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evidence for mediation of the ST effect was not found. ST in Stone, et al. (1999) was induced 
through a task frame which stated that the golf task was a measure of sports intelligence; it has 
previously been shown that Black athletes are typically rated as having greater natural athletic 
ability, but lower sports intelligence, defined as less ability to think strategically (Stone, Perry & 
Darley, 1997). Similarly, Stone and McWhinnie (2008) found that women under ST took more 
strokes to complete a golf course, and had worse putting accuracy. Stone and McWhinnie 
(2008) induced ST with both “subtle cue” and “blatant cue” manipulations. For the subtle cue, 
participants (all female) were greeted by either a male or female experimenter. For the blatant 
cue, ST group participants were told that the task served as a measure of natural athletic ability, 
and that women had previously been shown to perform worse on it (Stone & McWhinnie, 2008). 
ST effects on golfing accuracy were also found by Beilock, Jellison, McConnell & Carr (2006). In 
soccer, Hendrick & Chiviacowsky (2015) found that ST affected the ability of novices to learn a 
dribbling task, while Grabow & Kuhl (2019) found that ST reduced the accuracy and number of 
goals scored by experienced female soccer players. There is limited evidence that ST affects 
sensorimotor tasks outside of sports; one study by Yueng & von Hippel (2008) found that female 
drivers under ST were more likely to hit a pedestrian in a driving simulator.  
Beilock and McConnell (2004) contend that attentional processes provide the strongest 
explanation for ST effects in sensorimotor performance. Drawing on similarities between ST 
effects and “choking under pressure” (or “choking”, for short), they suggest that well-learned and 
highly proceduralized sensorimotor skills are harmed by an excess of attention, or misplaced 
attention. Choking is defined as “the occurrence of inferior performance despite striving and 
incentives for superior performance” (Baumeister & Showers, 1986, p 361). Baumeister and 
Showers provide four factors which lead to choking, and bear a resemblance to those factors 
which produce ST: audience presence, competition, performance-contingent rewards and 
punishments, and ego-relevance of the task. Reference to an audience is unique to choking, but 
speaks to a similar pressure as that which leads to ST: fear or apprehension about how others 
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will perceive one’s behavior. Choking is also distinct from ST in its focus on competition, though 
Aronson (2002) indicates that ST is more likely in competitive environments; framing tasks as 
an opportunity for cooperation may in fact reduce ST. The performance-contingent rewards and 
punishments of choking are similar to the diagnosticity which leads to ST, while choking’s ego-
relevance mirrors ST’s domain identification. Further, similar to ST, choking is more likely to 
occur on difficult tasks (Baumeister & Showers, 1986).  
Choking under pressure has been shown to hinge on attentional processes in a number 
of studies (Beilock & Carr, 2001; Beilock, Bertenthal, McCoy & Carr, 2004; Beilock, Carr, 
McMahon & Starkes, 2002) which rely on a sensorimotor task characterized as a proceduralized 
skill - that is, one which “ought not to require constant on-line attentional control” (Beilock & 
Carr, 2001, p 701) - namely, a golf swing. Beilock and Carr (2001) demonstrated in two 
experiments that expert golfers have fewer episodic memories of individual golf swings than do 
novices, though they are able to generate more episodic memories of golf swings made under 
novel circumstances; this finding is taken as evidence for proceduralization. Further, they found 
that choking occurred for a golf task, but not an alphabet arithmetic task, and that choking could 
be reduced with self-consciousness training (Beilock & Carr, 2001). They conclude: 
“performance pressure appears to elicit maladaptive efforts to impose step-by-step monitoring 
and control on complex, procedural knowledge that would have run off more automatically and 
efficiently had such monitoring not intervene. Practice at dealing with self-consciousness-raising 
situations counteracts this tendency” (Beilock & Carr, 2001, p 719). 
Further evidence for this claim is provided by Beilock, et al. (2004a), who found that 
expert golfers performed better under a dual-task condition impacting working memory capacity 
than a skill-focused condition prompting attention to step-by-step performance of a golf swing; 
novice golfers did just the opposite, performing worse in the dual-task condition and better in the 
skill-focused condition. This finding was corroborated by Beilock, et al. (2004b). Additionally, 
Beilock, et al. (2004a) found that expert golfers performed better when given instructions 
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emphasizing speed over accuracy, while novice golfers performed better when given 
instructions emphasizing accuracy over speed. They suggest that this is because when focusing 
on speed, expert golfers had less time to engage in step-by-step monitoring which would impair 
their performance (Beilock, et al., 2004a). One study by Beilock, et al. (2002) found choking 
effects in a soccer, rather than golf, task. However, the pattern of results was the same: expert 
soccer players performed better in a dual-task condition than a skill-focused condition, 
completing a soccer ball dribbling slalom course more quickly, while novices performed better in 
the skill-focused condition (Beilock, et al., 2002). Finally, there is evidence that ST effects on 
sensorimotor tasks operate similarly; ST effects on a golfing task were attenuated when 
participants were asked to complete a simultaneous distractor task, which was theorized to 
interfere with their ability to over-attend to their behavior (Beilock, et al., 2006).  
However, another line of research indicates that mere effort, rather than attentional 
processes, may account for ST effects on sensorimotor tasks. The mere effort account is 
elaborated by Jamieson & Harkins (2007), who argue that, for sensorimotor tasks, ST simply 
potentiates the prepotent response. If that prepotent response is correct, an ST manipulation 
should produce improved performance; if the prepotent response is incorrect, the typical 
performance impairment found under ST should occur. However, this can be countered if the 
person under ST recognizes that the prepotent response is incorrect, knows the correct 
response, and has the opportunity to make the correct response (Jamieson & Harkins, 2007). 
Support for the mere effort account is provided by Huber, et al. (2015) and Huber, et al., (2016), 
which made use of a rhythmic virtual ball-bouncing task. Participants in both experiments held a 
physical racket which was constrained to move only straight up and down and attached to 
various sensors allowing it to interact with a virtual bouncing ball displayed on a projection 
screen. They were instructed to bounce the ball repeatedly up to a certain line displayed on the 
screen. On this task, novices tend to hit the ball with positive racket acceleration, such that the 
racket is increasing in speed as it contacts the ball, while experts tend to hit the ball with 
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negative racket acceleration, such that the racket is decreasing in speed on contact (Huber, et 
al., 2015; Huber, et al., 2016). This is attributable to the fact that when hitting the ball with 
negative racket acceleration, the racket-ball system achieves a dynamic stability in which 
variations in timing and in the height attained by the ball on each hit naturally die out over 
successive bounces. Conversely, when hitting the ball with positive racket acceleration, active 
error correction is required. Huber, et al. (2015) found that for novices, ST led to more positive 
racket acceleration, and thus worse performance, while for experts ST led to better 
performance. Similarly, Huber, et al. (2016) found that ST led to less variable, and thus better, 
performance. In either case, ST seemed to produce the prepotent response - negative racket 
acceleration for experts, and positive racket acceleration for novices. Some additional support 
for the mere effort account is provided by Deshayes, et al. (2019), who found that on a self-
paced cycling task, participants under ST produced more power for the same rating of 
perceived exertion (RPE), and Ward & Buscombe (2019), who found that participants under ST 
regarding their athletic ability were able to jump higher.  
While these studies do provide evidence for increased effort under ST, they do not 
provide a direct refutation of the attentional processes account forwarded by Beilock and others. 
In both Huber, et al. (2015) and Huber, et al. (2016), ST did lead to improved performance in 
some cases, though this may be attributable to the nature of the task employed. Huber’s ball 
bouncing task and Beilock’s golf task are united by the fact that both hitting a ball with a racket 
and hitting a golf ball with a club are tau-guided activities (Lee, 1976; Lee, 1998; Craig, Delay, 
Grealy & Lee, 2000). Lee’s (1976) Tau theory indicates that success in both requires, primarily, 
controlling the rate of gap closure between an effector (either racket or club head) and its goal 
(the ball). This is achieved by attending to visual information specifying the rate of gap closure, 
and adjusting the motion of the effector to suit, necessarily bringing several of the body’s many 
degrees of freedom to bear. In the case of a golf swing, the primary task-relevant dimension 
(rate of gap closure) is overdetermined by the club head’s six degrees of freedom (3 of position, 
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3 of rotation), which are themselves overdetermined by the numerous degrees of freedom of the 
arms, torso, hips, and so on which must be correctly arranged to swing the club. By contrast, 
the motion of both the ball and racket in Huber’s paradigm is perfectly constrained to one 
dimension, and motion along that dimension is less likely to bear evidence of, for example, the 
positioning of one’s hips. That is to say, Huber’s ball-bouncing paradigm may not be sufficiently 
complex to capture effects of ST on attention: there is simply less to which one must attend. 
Relatedly, the task may not have been difficult enough to produce the experience of ST for 
participants. Huber, et al. (2015) note that participants switched from using positive to negative 
racket acceleration after, on average, twelve 40s-long trials. Given that participants could 
transition from a pattern identified with novices to one identified with experts in under ten 
minutes, the rhythmic ball bouncing task appears fundamentally dissimilar to skilled 
performance as defined by Beilock and others. Additionally, the method of manipulating ST in 
Huber, et al. (2015; 2016) was somewhat unorthodox. Where Beilock and others studying ST in 
motoric tasks employed stereotypes pertaining to athletic ability, Huber, et al. (2015; 2016) 
instead employed stereotypes related to women’s math ability, and indicated to participants that 
the ball bouncing task was indicative of a person’s spatial reasoning ability. Results may 
therefore stem from the weaker conceptual link between the task and stereotype. This is not at 
all to suggest that Huber’s paradigm is without merit. Indeed, the ball-bouncing task provides 
dependent variables which provide greater insight into the actual production and dynamics of 
movement than do those of Beilock’s golf tasks. While gross metrics such as number of strokes 
required to complete a golf course do provide insight into performance writ large, they do not 
speak to how the performance was achieved. And, as noted by Huber, et al. (2015), even when 
ST has no visible effect on a performance metric, it may affect underlying control processes. 
Huber and Beilock therefore offer contrasting views on ST in motoric tasks. On Huber’s view, 
taking one’s time and paying attention may allow one to counteract the tendency of ST to lead 
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to an incorrect prepotent response, while on Beilock’s view, it is precisely this sort of extra 
attention which interferes with task performance.   
 
3.3 Stereotype Threat in Interaction 
 Stereotype Threat can only exist by virtue of the nesting of an individual’s behavior 
within various social dynamics. It speaks to interpersonal dynamics as it pertains to how others 
view one’s behavior, group membership dynamics as it pertains to how one’s behavior impacts 
impressions of one’s group, or how one’s group membership impinges on impressions of 
oneself, and intergroup dynamics as it relies on stereotypes generated and reified in the course 
of intergroup interaction. However, the vast majority of ST research focuses on how ST affects 
individual performance; rather fewer studies focus on ST in social contexts - that is, in 
interpersonal interaction or joint action.  
 Several studies have assessed the effect of ST on behavior in fictional or imagined 
interpersonal situations. When making audio recordings for a fictional conflict resolution 
scenario, female participants who received a task frame emphasizing relationship maintenance 
ability were less fluent, and more tentative (McGlone & Pfiester, 2015) than those who received 
a leadership ability task frame. Further, female participants exposed to stereotypes regarding 
women’s leadership styles altered their approach to a fictional leadership scenario, using fewer 
hedges and tag questions in their recorded audio (Najdowski, Bottoms & Goff, 2015). Goff, 
Steele & Davis (2008) found that, in an anticipated conversation paradigm, White participants 
exposed to a “white racist” stereotype placed their own chairs farther away from their fictional 
Black conversation partners than those in a control condition; this effect was not predicted by 
participants’ actual explicit or implicit prejudice.   
Only two studies, to my knowledge, assess ST effects in genuinely interpersonal 
contexts. In the first of these, gay and bisexual men (i.e., MSM) were then monitored while 
interacting with a child (Bosson, Haymovitz & Pinel, 2004). In the ST condition, participants 
43 
 
were asked to indicate their sexuality on a demographics form, activating stereotypes regarding 
their supposedly predatory treatment of children. MSM under ST were rated as demonstrating 
more non-verbal anxiety than those in a control condition, although there were no differences in 
self-reported anxiety. It is not clear, however, if ST caused any change in the participant-child 
interaction itself - no individual or dyadic behavioral outcomes were evaluated. In the second, 
participants with schizophrenia were required to converse with a confederate who they thought 
was either aware (ST) or unaware (No ST) of their diagnosis; in reality, the confederate was 
never aware (Henry, von Hippel & Shapiro, 2010). Confederates rated the participants under ST 
as having worse social skills, as indexed by a questionnaire regarding their perception of the 
participant’s ability to initiate conversation, switch topics appropriately, take turns, and so on.  
Thus, there is provisional evidence that ST affects the quality of interpersonal 
interaction. However, direct comparisons to other ST research are difficult to make. It is 
uncertain whether tasks like filming a fake mediation, or interacting with a confederate, are 
difficult enough to induce ST in participants. Relatedly, it is unclear in these tasks what precisely 
would constitute failure, or decreased performance. Additionally, neither study assess 
dynamical outcomes of joint action. Henry, et al. (2010) found that the perceived social skill of 
the conversation partner under ST was affected, but did not measure actual conversational or 
interaction dynamics. It is therefore impossible to tell what aspect of the interaction was affected 
by ST. Further, even though it is one which arises and is evaluated in an interpersonal setting, 
the primary dependent variable of social skill is one which resides primarily at the individual, and 
not dyadic, level. The social synergy perspective (Marsh, et al., 2006; Riley, et al., 2011) 
suggests that, owing to factors such as reciprocal compensation, the activity of a social unit is 
not wholly reducible to the activity of its component parts or members. It is important to 
consider, going forward, how individual-level variables like social skill engender certain 
reactions and or lead to the emergence of certain dynamics in interpersonal settings which are 
not themselves wholly reducible to the original individual variable’s contribution. Assessing the 
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effects of ST in interpersonal and joint action calls for an approach which accesses both 
individual and dyad- or group-level variables, as well as their evolution over time. Only such a 
multi-level and dynamical approach could begin to capture the full consequences of ST in 
inherently impredicative social contexts.  
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4. Experiment 1 
4.1 Introduction 
 Baron (2007) suggests that, “at its core coordination is a social phenomenon” (p 179). 
The validity of this framing, as well as a more complete understanding of its potential 
consequences, requires thorough investigation into the multiple sociocultural embeddings of 
coordination, and perception-action processes more broadly. That is, how does the social 
context of coordination impact its dynamics? In what ways is coordination in itself a social 
phenomenon? And how does coordination feed back into other social processes? Prior 
research indicates that group membership, among other social factors, influences interpersonal 
rhythmic coordination (Schmidt, et al., 1994; Miles, et al., 2010; Miles, et al., 2011; Lumsden, et 
al., 2012). However, research on the effects of social factors on intrapersonal rhythmic 
coordination is virtually nonexistent. This represents a major oversight, as even coordination 
which occurs largely at the individual level typically does so in the presence of others who may 
serve as observers, judges, interlocutors, fans, and so on.  
It is an empirical matter whether and to what extent social context, and its associated 
real or perceived social consequences, affects coordination dynamics. This requires, however, a 
means of manipulating the social context, meaning, or consequences of coordination. Such a 
means is found in research on Stereotype Threat (ST) (Steele & Aronson, 1995). In ST research 
it has been found that the same task, framed in different ways suggesting different social 
meanings or consequences, is performed more or less effectively by virtue of that framing. If a 
woman is taking a math test described as diagnostic of her math ability, for example, she 
experiences ST in that she is at risk of conforming to and therefore validating, or being judged in 
light of, negative stereotypes regarding women’s math performance. This predicament 
negatively impacts performance relative to conditions where the task framing does not evoke a 
stereotyped domain (Quinn & Spencer, 2001).   
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In the current experiment, a ST manipulation was applied to an intrapersonal bimanual 
rhythmic coordination task. Participants performed a standard bimanual pendulum swinging 
task, paced by an auditory metronome. This experimental paradigm allows for analysis of the 
accuracy and stability of coordination, and furnishes dynamical measures which speak to 
underlying control processes. All participants were non-Latinx Caucasians who identified as 
musicians or dancers with at least two years of experience. For participants in the ST condition, 
the task was described as diagnostic of their overall ability to engage in rhythmic coordination, 
as occurs when playing music or dancing. Further, they were told that Caucasians typically 
perform worse at the task than members of other racial or ethnic groups. The goal of this 
framing was to bring to mind the stereotype that Caucasians lack rhythm, or cannot dance. For 
participants in the Control condition, the task was described as a generic, non-diagnostic means 
of researching coordination in general, as occurs when walking, manipulating objects, etc. Only 
participants who identified as non-Latinx Caucasians were used so that the stereotype used to 
induce ST would reasonably apply to them. They were additionally required to have experience 
with music or dance to ensure that they would feel some personal investment in the stereotyped 
domain.  
This experiment was intended to simultaneously satisfy multiple goals. First, the 
experiment was intended to serve as a demonstration of the potential for social factors to impact 
intrapersonal rhythmic coordination. More specifically, it was intended to demonstrate the ability 
of ST to affect rhythmic coordination. It has been found that ST affects a number of sports-
derived motoric tasks (Stone, et al., 1999; Beilock, et al., 2006; Huber, et al., 2015). However, 
the ST manipulations in these studies highlight group-based differences in sports or spatial 
reasoning abilities. To my knowledge, no prior experiment has specifically targeted rhythmic (i.e. 
music or dance) abilities. As such, any demonstration of ST effects in the current experiment 
would provide initial evidence of new domain subject to ST. Further, it would provide evidence 
of social factors affecting a task with deeper roots in the study of motor control and coordination 
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than those typically employed in ST research. As noted by Huber, et al. (2015), the outcome 
measures employed in ST research on motor control typically center performance over process: 
distance of a golf ball from a target hole, or time to complete a soccer dribbling course, for 
example, are metrics of performance which are opaque to the means by which the performance 
was produced. By contrast, the rhythmic coordination task employed in the current study allows, 
through certain measures and analyses only possible with time-series data, some insight into 
the production of movement itself. While ST effects on cognitive tasks are primarily attributed to 
impaired working memory, ST effects on motoric tasks are understood to operate through 
attention (Schmader, et al., 2008). Outcome measures made available by the current paradigm, 
combined with existing knowledge about factors influencing coordination dynamics, may be 
used to more rigorously support or contradict the attention-based account of ST effects in 
motoric tasks.   
It was hypothesized that participants in the ST condition would perform worse on the 
rhythmic coordination task than participants in the Control condition. As a precondition for this 
effect, it was hypothesized that participants in the ST condition would report higher levels of 
stereotype activation. Two Cross-Recurrence Quantification (CRQ) measures were obtained: 
%RECUR, and MAXLINE. A fuller description of these is provided in section 3.2.4, and past 
uses are discussed in section 1.2. Briefly, increases in %RECUR are associated with the 
presence of concurrent tasks during coordination, while decreases in MAXLINE are more likely 
associated with shifts in the focus of attention. Therefore, elevated %RECUR in the ST 
condition compared to the Control condition in the current experiment would provide evidence 
that the presence of ST is analogous to the presence of a distractor or other secondary task. 
Depressed MAXLINE, meanwhile, would provide some indication that attentional effects are at 
play. No differences in reported task difficulty or task domain identification were expected. As is 
common in rhythmic pendulum-swinging paradigms, the detuning was manipulated within-
subjects by requiring participants to use pendulums of either matched or mismatched lengths. 
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Tempo was also manipulated within-subjects, such that participants swung the pendulums at 
1hz, 1.5hz or 2hz. Bimanual rhythmic coordination is more difficult when using mismatched 
pendulums, or when moving at faster tempos. Because ST effects are typically only observable 
on difficult tasks, and all participants were experienced musicians or dancers, these 
manipulations were used to vary the difficulty and ensure that ST effects, if present, would be 
captured.   
  
4.2 Method 
 4.2.1 Participants. 
A total of 34 participants (mean age = 19.25, 50% female, 50% male) were recruited. All 
participants indicated that they were musicians or dancers with at least two years of experience. 
Of these, 24 participants were included for analysis. Nine participants were excluded because 
they did not identify as non-Latinx Caucasians. As such, the stereotype used to induce ST 
would not reasonably apply to them, and no ST effects would be expected. One participant was 
excluded because they were unable to maintain the antiphase mode of coordination at any 
movement frequency, as is standard for the current coordination task paradigm. Participants 
were randomly assigned to either the ST or Control (no ST) condition. Of the 24 participants 
producing usable data, 14 were in the ST condition, and 10 were in the Control condition. 
Participants were recruited by a mix of posters on the UConn Storrs campus, an email 
newsletter advertising research opportunities (UConn Daily Digest), and the UConn 
Psychological Sciences participant pool (SONA). Participants recruited by posters or the email 
newsletter were given $5 as compensation. Participants from the participant pool were awarded 
credit towards completion of a class requirement. A priori power analysis was conducted to 
determine an appropriate sample size for Experiment 1. Past studies of ST in athletic 
performance report effect sizes in the range of d = .703 (Chalabaev et al., 2008b) to d = 1.66 
(Chalabaev et al., 2008a). This is markedly higher than the effect sizes obtained in meta-
49 
 
analyses of ST studies by Nguyen and Ryan (2008) and Lamont, Swift, and Abrams (2015). 
However, among the 138 studies included in either of the two meta-analyses, only one featured 
any type of motoric task, and it did not employ a stereotype specifically related to physical 
competency (Horton, Baker, Pearce & Deakin, 2010). In contrast, effect sizes from non-motoric 
ST studies, but using STs linked to being of white race (Clark, Eno & Guadagno, 2011) involve 
a d = .629. The dependent variables made available through the rhythmic coordination 
paradigm employed in this experiment are anticipated to be considerably more sensitive than 
those from used in previous motoric ST studies. Similar rhythmic coordination tasks with 
manipulations on cognitive load or attention have yielded effect sizes in the range of d = 1.56 
(de Poel, et al., 2008) to d = 2.5 (Pellecchia et al., 2005). With a conservative estimated effect 
size of d = 1.0 and β = 0.8, only 28 participants would be required. 
 4.2.2 Materials. 
 The ST manipulation was implemented through the task description provided to 
participants, as well as a demographics form. Participants in the Control condition were read a 
description of the task which stated that the study was concerned only with coordination in 
everyday circumstances, and that they had been selected for participation due to their 
experience with rhythmic coordination. The Control description explicitly stated that “this task 
does not in any way evaluate your ability to coordinate movement under normal circumstances”. 
Participants in the ST condition were read an alternative description which stated that the study 
was concerned with personal, social, and cultural differences in rhythmic coordination, and 
further that Caucasian participants typically performed worse on the task than others. The ST 
task description was intended to play on the stereotype that Caucasians do not have rhythm, or 
cannot dance. Further, the ST description included the lines: “this task is able to evaluate a 
person’s fundamental ability to perform rhythmic movements, as one does while playing music 
our dancing. Your participation will allow us to evaluate your overall competency in activities 
requiring rhythmic coordination”. Therefore, participants in the ST were given the impression 
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that the task was diagnostic of their abilities, while participants in the Control condition were not. 
Both versions of the task description are given in full in Appendix B. Additionally, participants 
completed a short demographics form on which they indicated their gender, age, and 
race/ethnicity (Appendix A.9); participants in the ST condition completed this form before the 
coordination task, while those in the Control condition completed it after the coordination task 
and all survey measured had been finished. This demographics form was specifically created to 
emphasize the non-Latinx White identity of participants. In completing it, participants had to go 
down a list indicating that they did not identify with any of ten Latinx identities (e.g., Mexican 
American, Chicano, Afro-Caribbean). The full demographics form is reproduced in Appendix 
A.9.   
On each trial of the coordination task, participants were required to swing two metal rods 
with wooden handles (i.e. pendulums), one in each hand, via radial/ulnar deviation of the wrist. 
Three sets of pendulums were used. The first set featured two identical pendulums of 
intermediate length (58cm & 58cm). The second set included one long and one short pendulum, 
with the longer pendulum held in the right hand (34cm & 68cm). The third set was identical to 
the second, albeit with the longer pendulum held in the left hand (68cm & 34cm). These 
pendulum sets were designated “M” (matched length), “RL” (right longer), and “LL” (left longer). 
Participants swung the pendulums in time with a metronome (Metronome Beats Android App). 
The metronome ran at 120, 180, or 240bpm, with each metronome click corresponding to one 
half cycle of 1hz, 1.5hz, or 2hz rhythmic movement.  
 Motion data from the pendulum swinging coordination task were recorded with two 
flexible wrist-mounted electrogoniometers that measured angular displacement at a rate of 
100hz. In order to measure wrist movement, the electrogoniometers were secured to the backs 
of participants’ hands and forearms with a small amount of medical tape. The 
electrogoniometers were connected to a Biometrics DataLOG P3X8 recording unit that 
connected via Bluetooth to a computer running Biometrics Ltd DataLog recording software. 
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Recordings were remotely started and stopped by the experimenter via the DataLog software, 
which was also used to time each trial. Thus, no direct physical contact with participants during 
the coordination task was required.  
 Participants were seated for the duration of the experiment in a typical folding outdoors 
chair which had its arm pads removed to provide greater clearance for the pendulums. During 
all trials of the coordination task participants rested their forearms on a small table with a height-
adjustable center support. This allowed them to swing the pendulums freely while providing 
support appropriate to their height and arm length, and ensuring that only motion of the wrist 
was used. 
 Participants completed several survey measures after the coordination task had 
concluded (Appendix A). These included the state anxiety portion of the State-Trait Anxiety 
Inventory (STAI; Spielberger, 1983), as well as several measures adapted specifically for the 
rhythmic coordination task: stereotype activation, task domain identification, task difficulty, and 
handedness. The stereotype activation measure assessed the salience of the task-relevant 
stereotype, including participants’ belief that it affected evaluations of their skill. The task 
domain identification measure gauged the extent to which participants felt their rhythmic 
coordination skills were important to them. All survey measures are available in full in Appendix 
A. Participants also completed a short self-affirmation exercise in order to counteract any 
potential negative consequences of the ST manipulation (adapted from Martens, Johns, 
Greenberg, & Schimel, 2006). In the self-affirmation exercise (Appendix A.5) participants were 
asked to select from a list one characteristic of value that was important to them (e.g., social 
skills, athletics, creativity, relations with friends/family), and briefly describe a personal 
experience in which that value made them feel good about themselves.  
 4.2.3 Procedures. 
 Participants were first required to read and sign an informed consent sheet which 
outlined the basic requirements of the experiment. After doing so, participants were randomly 
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assigned to either the ST or Control (No ST) condition. An experimenter then read the 
participants a description of the study which varied according to their assigned condition. As 
noted previously, and given in full in Appendix B, participants in the Control condition were read 
a description of the task which stated that the study was concerned only with typical 
coordination, while participants in the ST condition were read a description which stated that the 
study was concerned with personal, social, and cultural differences in coordination, and that 
Caucasian participants typically performed worse on the task than others. The Control 
description also indicated that the coordination task was not at all diagnostic of their general 
coordination ability, while the ST description indicated that it was diagnostic. After listening to 
the task description, participants in the ST condition completed a demographics form (Appendix 
A.9). This was intended to heighten their awareness of the applicability of the stereotype 
suggested by the ST task description. Participants in the Control condition completed the same 
form near the end of the experiment, after the coordination task and all survey measures, but 
before the self-affirmation task.  
 All participants were then given instructions on the rhythmic coordination task. They 
were asked to sit in a chair with their forearms flat on a small table in front of them, with their 
hands and wrists hanging over the far edge of the table with enough clearance that their 
movement would not be impeded. They were then handed two pendulums (58cm/58cm for this 
training segment), and told that they would be required to swing the pendulums back and forth 
in opposite directions of each other, such that one would always be moving forward while the 
other moved backwards (i.e., antiphase coordination). Participants were asked to perform this 
movement at their own pace to indicate that they understood the task. In the event that some 
aspect of the movement or experimental setup was incorrect (e.g., participant used elbow 
motion to aid pendulum swinging, or the table was set at an uncomfortable height or occluded 
their vision), it was corrected at this stage. Participants were then told that during the 
experimental trials, they would have to swing the pendulums at a pace specified by a 
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metronome. They practiced swinging the pendulums to a metronome set at 120bpm (1hz). 
Additionally, they were informed that the metronome was intended to set the tempo, but not 
necessarily the position of the pendulums. That is, they were not required to reach the extrema 
of the pendulum swings with the metronome clicks as long as they were moving at the correct 
speed. After completing this practice, participants were informed that during the actual 
experiment, they would be using several different sets of pendulums, and the metronome would 
be set at a different tempo each trial. The experimenter then attached the electrogoniometers to 
participants’ wrists, and checked that they could move their wrists freely without them pinching 
or snagging. Before moving on to the experimental trials, participants performed a brief (~20s) 
practice trial to ensure that the task had been understood and the BioLog system was recording 
data properly.  
 Participants then completed 18 trials of the rhythmic coordination task, with each trial 
lasting 100s. Before each trial, the experimenter verbally confirmed with the participant that they 
were ready to begin. Assuming so, the experimenter started the metronome. The participants 
were allowed to start swinging the pendulum whenever they felt ready after the metronome’s 
start; this typically occurred after two to four metronome clicks. They then maintained the 
antiphase mode of coordination to the best of their ability until the experimenter gave them a 
verbal signal to stop, and stopped the metronome. Three pendulum sets (M, RL, and LL) and 
three metronome tempos (1hz, 1.5hz, and 2hz) were used. The order of the pendulums and 
metronome tempos used were randomized in blocks. Participants would use the same 
pendulum set for three trials, with each trial at a different tempo, before moving on to the next 
pendulum set. With three pendulum sets and three tempos, nine combinations were possible; 
each combination was performed twice, with orders counterbalanced, for 18 total trials. 
Participants were allowed to take a break at any point between trials. All participants were 
offered a break after the ninth trial.  
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 After the 18 trials of the rhythmic coordination task were finished, participants were 
asked to complete several survey measures. If they had not completed a demographics form as 
part of the ST manipulation, they then did so. Next, participants completed a self-affirmation 
exercise to counteract potential consequences of the ST manipulation. Finally, participants were 
debriefed. During the debriefing, the experimenter asked all participants if they had any 
suspicions about the study’s true intention. No participants indicated that they thought the study 
was concerned with ST. For participants in the ST condition it was specifically stressed that the 
task could not diagnose their general rhythmic coordination ability, and that there is no known 
evidence of group-based differences in rhythmic coordination ability. They were informed that 
deception was used only to induce ST - the experiment was not intended to provide evidence 
either way about the validity of stereotypes, but rather to understand how stereotypes affect 
behavior.  
4.2.4 Analyses. 
Raw time series motion data from all experiments were exported from Biometrics Ltd 
DataLog in csv format. MATLAB code adapted from Schmidt (2004), as revised by Richardson 
(2005), was used to normalize the raw data, identify peaks of the sinusoidal motion of the wrist-
pendulum systems, and calculate continuous relative phase (CRP), from which key dependent 
variables were derived, on a per-trial basis. Each trial lasted 100s – the first and last 10s of each 
trial were truncated, leaving 80s of data sampled at 100 Hz for analysis. This truncation was 
performed so that only periods of each trial where participants were engaged in continuous 
movement were analyzed – periods during which they were starting or stopping movement, or 
adjusting their movement frequency to the metronome, were excluded. The raw data consisted 
only of the position (coded as degree of radial/ulnar deviation) of each participant’s (Experiment 
1 & 2) or dyad’s (Experiment 3) two wrist-pendulum systems. CRP represents the positions of 
the two wrist-pendulum systems relative to each other in a single value on a scale of 0 to 360, 
indicating their degree of angular offset. Thus, two time series are combined into one, and the 
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sinusoidal motion of the wrist-pendulum systems is captured by a typically more stable value. 
From CRP three primary dependent variables were obtained. The first of these, percent 
occurrence of relative phase (%OCCUR), refers to the percent of time per trial participants’ CRP 
fell in each of eighteen 20° relative phase regions (i.e. 0° - 20°, 20° - 40° . . . 340° - 360°). A 
greater percentage of time spent in phase regions at or near the intended relative phase (180°) 
would indicate better task performance on %OCCUR. The second, mean relative phase (MΦ), 
provides complementary information, indicating in a single value the average relative phase 
over the course of the entire trial. In the current experiments, values of MΦ nearer 180° would 
indicate better performance. The third, standard deviation of relative phase (SDΦ), provides an 
index of the stability of participants’ coordination, where lower SDΦ indicates more stable 
coordination and therefore better task performance. %OCCUR / MΦ and SDΦ may be thought 
of as analogous to accuracy and precision, respectively. %OCCUR and MΦ capture 
participants’ closeness to the target movement pattern, and SDΦ their degree of variability in 
staying on target.  
Additionally, continuous phase data for the two wrist-pendulum systems were submitted 
to cross-recurrence quantification (CRQ) analysis. CRQ, including parameter optimization, was 
performed with the R package ‘crqa’ (Coco, Dale, Dixon, & Nash, 2018). CRQ is a method by 
which data from two different but concurrent time series may be compared, and is particularly 
suited to understanding the behavior of complex systems; it has previously been used in the 
study of rhythmic coordination, including situations with very similar experimental paradigms 
(Pellechia, et al. 2005, Shockley & Turvey, 2005; Shockley, Turvey, 2006). CRQ operates by 
embedding two time series in a shared, time-delayed state space, allowing one to observe 
points at which the two time series share common values. As discussed in section 2.2, the 
number and configuration of shared values in the embedding space may correspond to certain 
features of the complex system producing the observed time series. The two CRQ outcome 
measures of primary interest for current purposes are Recurrence Rate (%RECUR) and 
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MAXLINE. %RECUR refers to the percentage of shared values in the embedding space, while 
MAXLINE refers to the longest consecutive string of shared values. As applied to rhythmic 
coordination, %RECUR provides an index of noise, while MAXLINE provides an index of 
attractor strength (Pellechia, et al., 2005). Noise and attractor strength are countervailing forces 
which jointly contribute to SDΦ, and may be used to help explain the cause of instability in 
coordination. Greater noise typically is associated with greater instability - and relatedly, higher 
SDΦ - but the actual effect of noise depends on attractor strength. A noisy system may still have 
low SDΦ if attractor strength is also high. Conversely, low SDΦ may occur in systems with both 
low noise and low attractor strength. As indicated in section 2.2, some studies indicate that the 
presence of a secondary task during a coordination task is associated with increased noise 
(Pellecchia et al., 2005; Shockley & Turvey, 2005, Shockley & Turvey, 2006), while demands on 
the direction or focus of attention are associated with shifts in attractor locations, which are 
commonly accompanied by decreased attractor strength (Swinnen, et al., 1996; Amazeen, et 
al., 1997; Riley, et al., 1997; de Poel, et al., 2008). Therefore, %RECUR and MAXLINE, as 
indices of noise and attractor strength, may be used to identify underlying causes of impaired 
coordination. As applied to the current studies, it may help identify the working mechanism of 
ST in rhythmic coordination.  
 
4.3 Results 
 4.3.1 Coordination Measures. 
 A linear mixed effects model treating Phase Region, ST, Tempo, and Pendulum Set as 
fixed effects, and Participant and Trial:Participant as random effects (i.e., observations nested 
within Trials, which are nested within Participants), was specified for the %OCCUR dependent 
variable, which was obtained from motion tracking during the coordination task as described in 
4.2.4. As discussed in section 4.2.3, Tempo and Pendulum set were manipulated within-
subjects, while ST was between-groups. As expected, there was a significant main effect of 
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Phase Region on %OCCUR, F(17, 6840) = 969.65, p < .001, ηp2 = .707, indicating that 
participants spent significantly more time per trial near the intended 180° relative phase than in 
other relative phase regions. Thus, participants were generally able to maintain the required 
mode of coordination. No main effects of ST, Tempo, or Pendulum Set are possible; collapsing 
across Phase Regions always results in a value of 100, representing the full duration of the 
trials, which does not vary according to any IV. However, as hypothesized, there was a 
significant Phase Region * ST interaction, F(17, 6840) = 5.625, p < .001, ηp2 = .014, such that 
participants in the ST condition spent less time per trial near the intended 180° relative phase 
than participants in the Control condition (Fig. 1.1). This was reflected in analysis of simple main 
effects, where participants in the Control condition (M = 22.971, SD = 13.725) spent a greater 
amount of time per trial in the Phase Region including 180°-200° Φ than those in the ST 
condition (M = 19.648, SD = 12.528) , p = .013. Additionally, and as is usual, there were 
significant Phase Region * Tempo, F(34, 6840) = 49.941, p < .001, ηp2 = .199, and Phase 
Region * Pendulum Set, F(34, 6840) = 3.120, p < .001, ηp2 = .015, interactions, such that 
participants spent less time per trial near the intended 180° relative phase at higher movement 
frequencies, and when using the non-matched pendulum sets (Fig 1.2). Analysis of simple main 
effects revealed significant differences between all Tempos and all Pendulum Sets in the Phase 
Regions covering 160°-200°, where all p < .001, with the exception of the comparison between 
the M and RL Pendulum Sets in the 180°-200° phase region, p = .0328.  
 A second linear mixed effects model treating ST, Tempo, and Pendulum Set as fixed 
effects, and Participant as a random effect, was specified for the SDΦ dependent variable. 
Unlike %OCCUR, which has multiple observations per Trial corresponding to the different 
Phase Regions, no Trial:Participant term was required for this or subsequent analyses which 
assess only one observation per Trial. ST’s effect on SDΦ trended towards significance, F(1, 
21.38) = 3.420, p = .078, ηp2 = .138, such that participants in the ST condition (M = 37.014, SD = 
20.003) had slightly higher SDΦ than those in the Control condition (M = 31.627, SD = 14.837), 
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indicating less stable coordination (Fig 1.3). Congruent with past studies, there were significant 
main effects of both Tempo, F(2, 349.67) = 128.980, p < .001, ηp2 = .425, and Pendulum Set, 
F(2, 353.29) = 9.108, p < .001, ηp2 = .049, on SDΦ, such that SDΦ was higher at higher 
movement frequencies, and when using the non-matched pendulum sets (Fig. 1.4). Post-hoc 
comparisons show that SDΦ at 2hz (M = 49.081, SD = 19.722) was significantly higher than at 
either 1hz (M = 24.024, SD = 11.838) or 1.5hz (M = 31.333, SD = 11.940), p < .001. Pairwise 
comparisons between Pendulum Sets did not reach significance, p > .8. Finally, there was a 
significant Tempo * Pendulum Set interaction, F(4, 349.2) = 2.885, p = .023, ηp2 = 032; 
increased SDΦ at higher movement frequencies was compounded by the use of the non-
matched pendulum sets. Analysis of simple main effects revealed that the Pendulum Sets were 
only significantly different at the 2hz tempo, p < .00: the LL Pendulum Set led to significantly 
higher SDΦ than either the M (p < .001) or RL (p = .008) Pendulum Sets, while the M and RL 
Pendulum Sets did not significantly differ from each other (p = .367).  
 Finally, a linear mixed effects model treating ST, Tempo, and Pendulum Set as fixed 
effects and Participant as a random effect, was specified for the DV mean relative phase (MΦ) 
to assess directional shifts in attractor location. While %OCCUR is able show how successful 
participants were in maintaining the intended antiphase coordination mode in general, MΦ can 
show shifts in the location of the antiphase attractor, as commonly occurs with mismatched 
pendulum sets or other forms of detuning. Higher MΦ does not indicate better performance; 
rather, proximity to 180 does. As expected, there was a significant main effect of Pendulum Set 
on MΦ, F(2, 355.4) = 709.472, p < .001, ηp2 = .800, such that MΦ shifted in the direction of the 
shorter pendulum when they were mismatched. Post-hoc tests revealed significant differences 
between the M (M = 181.254, SD = 11.908), RL (M = 209.958, SD = 17.043) and LL (M = 
151.426, SD = 15.866) Pendulum Sets, where for the M and RL comparison p = .001, and for all 
other comparisons p < .001. There effect of Tempo on MΦ approached significance, F(2, 
351.11) = 2.906, p = .056, ηp2 = .016, such that MΦ was somewhat increased at faster tempos. 
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Additionally, there was a significant interaction of Tempo and Pendulum Set, F(4, 351.04) = 
29.463, p < .001, ηp2 = .251, where faster tempos were associated with larger shifts in MΦ in the 
direction of the shorter pendulum (Fig. 1.5). Post-hoc comparisons revealed significant 
differences between all Pendulum Sets at all Tempos, p < .001. Finally, there was a significant 
interaction of ST and Pendulum Set, F(2, 355.4) = 3.326, p = .037, ηp2 = .018. MΦ was shifted 
farther from 180° in the direction of the shorter pendulum in the ST condition than the Control 
condition (Fig. 1.6). However, simple main effects for this interaction were not significant, p > .3.  
4.3.2 CRQ Measures. 
As described in 3.2.4, Cross-Recurrence Quantification (CRQ) analysis, including 
parameter optimization, was performed with the R package “crqa” (Coco, et al., 2018). The crqa 
parameter optimization function was used on all trials, and highly similar results were returned 
for each. Typical parameters were selected from these and used for CRQ analysis of all trials, 
where radius = 39, embedding dimensions = 3, and delay = 19 for 1hz trials, 14 for 1.5hz trials, 
and 9 for 2hz trials. Recurrence Rate (%RECUR) and MAXLINE were the primary measures of 
interest. Linear mixed effects models treating ST, Tempo, and Pendulum Set as fixed effects, 
and Participant as a random effect, were specified for both %RECUR and MAXLINE data. 
There was a significant main effect of Tempo on %RECUR F(2, 360.01) = 350.124, p < .001, ηp2 
= .660; %RECUR decreased as Tempo increased. The effect of Pendulum Set on %RECUR 
approach significance, F(2, 363.71) = 2.545, p = .080, ηp2 = .014. There was no significant main 
effect of ST on %RECUR, p > .1. However, there was a significant Tempo * Pendulum Set 
interaction, F(4, 359.82) = 3.864, p = .004, ηp2 = .041, where higher %RECUR found for the 1hz 
Tempo condition was somewhat decreased with the RL and LL Pendulum Sets as compared to 
the M Pendulum Set (Fig. 1.7). There also a significant Tempo * ST interaction, F(2, 360.01) = 
3.731, p = .025, ηp2 = .020, where Control participants had higher %RECUR than ST 
participants at 1hz, and the difference decreased at faster tempos (Fig. 1.8). However, there 
was no significant simple main effect of ST on %RECUR for these Tempo conditions, p > .1.  
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There were significant main effects of both Tempo, F(2, 360.68) = 472.860, p < .001, ηp2 
= .724, and Pendulum Set, F(2, 365.27) = 4.449, p = .012, ηp2 = .024, on MAXLINE. MAXLINE 
was longer at lower tempos than at higher tempos (1hz: M = 178.893, SD = 86.245; 1.5hz: M = 
36.844, SD = 20.829; 2hz: M = 11.489, SD = 3.444). The difference between the 1.5hz and 2hz 
conditions was not significant, p = .125; all other Tempo comparisons were significant p <= .01. 
MAXLINE was also longer for the matched pendulum set (M = 84.441, SD = 102.861) than for 
the mismatched pendulum sets (RL: M = 73.115, SD = 81.865, p < .001; LL: M = 67.278, SD = 
80.728, p < .001). MAXLINE did not significantly differ between the two mismatched pendulum 
sets, p = .999. There was also a significant interaction of Tempo and Pendulum Set, F(4, 
360.32) = 3.965, p = .004, ηp2 = .042, on MAXLINE, where the difference in MAXLINE values 
between matched (M) and mismatched (RL/LL) pendulum sets was most pronounced at 1hz, 
and less so at 1.5hz and 2hz (Fig 1.9). There was no significant main effect of ST on MAXLINE, 
nor did it feature in any significant interactions, p > .1.   
 4.3.3 Survey Measures. 
 Independent samples t-tests were used to evaluate differences between the ST and 
Control groups on all survey measures. Participants under ST (M = 4.071, SD = 1.217) had 
significantly higher Stereotype Activation than participants in the Control group (M = 2.333, SD = 
0.556), t(19.32) = -4.701, p < .001, d = 1.833 (Fig. 1.10). Participants under ST (M = 3.878, SD 
= 1.171) did not find the task significantly more difficult than those in the Control group (M = 
4.200, SD = 1.473), p > .5, nor did the ST (M = 5.087, SD = .846) and Control participants (M = 
5.444, SD = .691) report significantly different levels of task domain identification, p > .2. 
Additionally, there was no significant difference between the ST (M = 5.790, SD = 1.122) and 
Control (M = 5.800, SD = .919) groups on a self-report measure of how much attention they 
paid to the metronome, t(22) = .033, p = .974, d = .010. However, participants in the ST group 
(M = 45.000, SD = 12.979) had significantly higher STAI scores than participants in the Control 
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group (M = 34.600, SD = 4.195), t(16.569) = -2.800, p = .013, d = 1.078, indicating higher state 
anxiety.  
 
4.4 Discussion 
 It was hypothesized that participants in the ST condition would perform worse on the 
rhythmic coordination task than participants in the Control condition. As a precondition for this 
effect, it was hypothesized that participants in the ST condition would report higher levels of 
stereotype activation. Both hypotheses were supported. Participants in the ST condition 
reported significantly higher levels of stereotype activation. With regards to coordination itself, 
participants under ST spent less time on average per trial at or near the intended relative phase 
of 180°. Additionally, participants in the ST condition had higher SDΦ than participants in the 
Control condition; this effect approached significance. Taken together, these results indicate 
that participants in the ST condition were less able to maintain the intended mode of 
coordination, and produced less stable coordination, than participants in the Control condition. 
In this instance, CRQ measures do not strongly suggest a cause of this decreased stability. 
There were no differences between the ST and Control condition on %RECUR. ST did feature 
in a significant interaction with Tempo on %RECUR, such that participants in the ST condition 
had lower %RECUR than participants in the Control condition at 1hz, with the difference 
between them decreasing at faster tempos. Previous studies have found that presence of a 
concurrent cognitive task during coordination leads to decreases in %RECUR, indicating more 
noise in the system responsible for coordination, with no effect on MAXLINE (Pellechia, et al., 
2005; Shockley & Turvey, 2005; Shockley& Turvey, 2006). Lack of any main effect of ST on 
%RECUR here suggests that ST is not analogous to dual-task demands in rhythmic 
coordination. A main effect of ST on MAXLINE would suggest that shifts in the focus of attention 
may be responsible; however, none was found. Some evidence in favor of attention is provided 
by the significant interaction of ST and Pendulum Set on MΦ. The location of the anti-phase 
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attractor shifted when participants used mismatched pendulums, and the extent of that shift was 
greater in the ST condition than the control condition. Studies of attention in bimanual rhythmic 
coordination reveal that attending to one limb over the other tends to shift attractor locations, 
and potentially decrease stability, owing to the fact that attractor strength is typically reduced as 
attractors move from 0° and 180°. The larger shift in attractor location under ST provides 
provisional evidence that attractor strength is impacted by ST.  
This experiment serves to demonstrate that an intrapersonal coordination task 
commonly used in the study of coordination dynamics is susceptible to influence from social 
factors, namely Stereotype Threat. Relatedly, it identifies a new domain and type of task which 
is subject to ST effects. These findings are novel both within coordination and ST research. In 
the coordination literature, it has previously been found that social factors influence 
interpersonal coordination (Schmidt, et al., 1994; Miles, et al., 2010; Miles, et al., 2011; 
Lumsden, et al., 2012). In the ST literature, it has additionally been found that ST affects skilled 
performance of sports-based motoric tasks (Stone, et al., 1999; Beilock, et al., 2006; Schmader, 
Johns & Forbes, 2008). The current study brings these two lines of research together, 
demonstrating for the first time social effects on intrapersonal coordination, and ST effects on 
rhythmic ability. In Section 3.1 it was suggested, following Baron (2007), that “all coordination is 
social” (p 179). The current study lends credence to this claim by demonstrating how even the 
actions of a single person are affected by their social character. For participants in both the ST 
and Control conditions, the requirements of the task as explicitly stated were identical: they had 
to swing two pendulums in opposite directions, smoothly and rhythmically, while matching the 
tempo of a metronome. The only change, then, was to the task’s framing, and for the 
participant, its social consequences as derived from their belonging to a particular group 
targeted by the stereotype. By foregrounding the social character of the action – its potential to 
confirm negative stereotypes about their group, or lead to them being judged stereotypically – 
its dynamics were changed.  
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It was further suggested in section 3.1 that CRQ measures obtained from the 
coordination task could either help corroborate or contradict the argument from Beilock and 
others (Beilock & Carr, 2004; Beilock, et al., 2006; Schmader, et al., 2008) that ST effects in 
motoric tasks are mediated by attention. However, ST did not have a significant main effect on 
either of the CRQ measures. Absent this, the increased shift in attractor location under ST 
suggests that ST impacts attractor strength, with attention as a likely cause. This finding is 
consistent with that from coordination research which applies manipulations to the direction or 
focus of attention (Amazeen, et al., 1997; Riley, et al., 1997; Swinnen, et al., 1997), but 
inconsistent with that from coordination research which employs dual-task manipulations 
(Pellechia, et al., 2005; Shockley & Turvey, 2005; Shockley & Turvey, 2006). With either type of 
manipulation, coordination task performance is typically impaired. However, contrary to findings 
from the rhythmic coordination literature, some research suggests that dual-task manipulations 
reduce ST effects in motoric tasks, owing to the fact that they draw attention away from the 
motoric task, reducing the performer’s ability to engage in step-by-step monitoring which 
interferes with task performance (Beilock, et al., 2006). This line of reasoning is evaluated in 
Experiment 2.  
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5. Experiment 2 
5.1 Introduction 
 In Experiment 1 (section 3) it was shown that ST impacts the performance of a bimanual 
rhythmic coordination task. Participants in the ST condition spent significantly less time per trial 
at or near the intended 180° relative phase, and had higher SDΦ, approaching significance, 
compared to participants in the Control condition. Further, there was an interaction of ST and 
Pendulum Set, such that shifts in MΦ caused by use of the mismatched pendulum sets were 
amplified by ST. No main effect of ST on the CRQ measures %RECUR or MAXLINE was found, 
though ST did feature in a significant interaction with Tempo on %RECUR 
The above results are taken to suggest that ST affects performance of bimanual 
rhythmic coordination through attention, and are more consistent with past findings from studies 
which manipulate the direction or focus of attention in bimanual coordination than those which 
manipulate attention and/or cognitive load through dual-task demands (Amazeen, et al., 1997; 
Riley, et al., 1997; Swinnen, et al., 1997; Pellechia, et al., 2005; Shockley & Turvey, 2005; 
Shockley & Turvey, 2006). However, as noted in section 3.4, there is evidence that dual-task 
manipulations are capable of reducing the effects of both ST and choking under pressure 
(choking) in motoric tasks (Beilock, et al., 2002; Beilock, et al., 2004; Beilock, et al., 2006). This 
is in contradiction with findings that show that dual-task manipulations impair coordination task 
performance (Pellechia, et al., 2005). Beilock, et al. (2002; 2004; 2006) reason that the 
presence of a secondary or distractor task interferes with one’s ability to engage in step-by-step 
monitoring which interferes with skilled performance. The current experiment was developed in 
order to test the applicability of this explanation to ST effects in rhythmic coordination. Evidence 
for performance improvement under dual-task demands in ST and choking research has tended 
to come from experimental paradigms featuring one-off, “ballistic” movements, such as golf 
swings. Movements of this type are easily characterized as having a step-by-step character. In 
a golf swing, for example, one must bend the knees, back swing, down swing, contact the ball, 
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and follow through. The rhythmic coordination paradigm employed in Experiment 1 and 
elsewhere, however, does not invite similar step-by-step characterization. Successful 
performance requires continual entrainment to an environmental source of information (i.e., the 
metronome), while maintaining a stable mode of coordination under more or less difficult 
conditions. The claim that ST and choking effects are both attributable to undue attention on 
step-by-step task performance has been central to the argument that attention mediates ST 
effects in motoric performance. It bears investigating, then, if this is true only in motoric tasks 
with a highly step-by-step character, or if it is true of motoric tasks more generally.  
The current experiment featured a distractor task based on that used in ST and choking 
research (e.g., Beilock, et al., 2002; Beilock, et al., 2004; Beilock, et al., 2006). In the distractor 
task, a randomly selected series of words controlled for valence, arousal, and frequency, were 
displayed with a random duration between one and four seconds. Before each trial, participants 
were provided a target word. If their target word appeared on the screen, they were required to 
repeat it out loud. If their target word did not appear during the trial, they were not required to 
say anything. If their target word appeared more than once, they were required to repeat it out 
loud each time it appeared. As described in 4.2.3, this distractor task was developed to 
minimize possible perturbations in participants’ coordination due to speaking, while remaining 
engaging over multiple trials. Further, the distractor was presented visually rather than 
auditorily, as it was in Beilock, et al. (2006), so as to not interfere with the auditory metronome 
which provided the tempo for the coordination task.  
As in Experiment 1, participants performed 18 trials of an intrapersonal bimanual 
rhythmic coordination task, swinging various combinations of rigid pendulums at various 
speeds. During one half of the trials they did so with while simultaneously engaging in the 
distractor task, which was displayed on a projection screen in front of them. During the other 
half, they were merely required to look at a fixation target centered on the same screen. 
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Because effects of ST on both SDΦ in Experiment 1 only approached significance, the sample 
size was increased for Experiment 2.   
It was hypothesized that, like in Experiment 1, ST would impair coordination relative to 
the Control condition. However, findings from the coordination and ST literatures suggest 
somewhat contradictory hypotheses regarding the effect of the distractor task. Following 
findings from Beilock, et al. (2006), it would be expected that the presence of the distractor task 
would eliminate or reduce the performance gap between ST and Control participants. Thus, ST 
effects would be expected for the nine trials featuring the distractor task, but not for the nine 
trials without it. Following findings from Pellechia, et al. (2005) and others, however, the 
presence of the distractor task would be expected to worsen performance in both the ST and 
Control conditions, likely due to increased noise in the system. Results in the coordination 
literature (e.g., Pellechia, et al. 2005; Shockley & Turvey, 2005; Shockley &Turvey, 2006) speak 
to the effect of dual-task demands by themselves – that is, not with a ST or other manipulation. 
By contrast, results from Beilock, et al. (2002; 2004; 2006) speak to the effect of dual-task 
demands in combination with other manipulations (ST or choking); because this bears a 
stronger resemblance to the current experiment it was hypothesized, following Beilock, et al. 
(2006), that the presence of the distractor task would improve, rather than impair, performance 
under ST.  
 
5.2 Method 
 5.2.1 Participants. 
A total of 40 participants (mean age = 19.54, 60% female, 40% male) were recruited. 
This sample size was determined via power analysis, which was conducted with GPower on the 
basis of results obtained in Experiment 1. In Experiment 1, an effect size of d = .124 was found 
for the effect of ST on SDΦ. Assuming a similar effect size, and with β = .8, a sample size of N 
= 40 was targeted for Experiment 2. All participants indicated that they were musicians or 
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dancers with at least two years of experience. Of the 40 recruited, 38 participants were included 
for analysis. One participant was excluded because they were unable to maintain the antiphase 
mode of coordination at any movement frequency. The second was excluded due to 
experimenter error: the demographics portion of the ST manipulation was not given before the 
coordination task began. Participants were randomly assigned to either the ST or Control (No 
ST) condition. Of the 38 participants producing usable data, 19 were in the ST condition, and 19 
were in the Control condition. All participants were recruited via the UConn Psychological 
Sciences participant pool (SONA), and were awarded credit towards completion of a class 
requirement.  
 5.2.2 Materials. 
 Most materials used in Experiment 2 were identical to those used in Experiment 1, 
section 3.2.2. However, Experiment 2 featured a distractor task (premised on that used by 
Beilock, Carr, MacMahon & Starkes, 2002; Beilock, Bertenthal, McCoy & Carr, 2004; Beilock, et 
al., 2006) in addition to the primary coordination task. The distractor task was developed in 
Unity, and displayed on a projection screen placed directly in front of participants at a distance 
of approximately 1.5m. On trials that did not feature the distractor task, a bright yellow fixation 
cross, centered on the screen, was shown. On trials with the distractor task, the screen 
displayed a series of randomly selected one- to four-syllable words, controlled for valence, 
arousal, and frequency, drawn from the ANEW word list (Bradley & Lang, 2017). Words 
appeared centered on the screen, one at a time, with a random duration between one and four 
seconds. The duration of each word’s appearance was randomized to minimize the chance of 
participants perceiving a secondary, visual rhythm which might interfere with the primary 
coordination task.  
 5.2.3 Procedures. 
 All basic procedures for Experiment 2 were the same as those used in Experiment 1, 
section 3.2.3. However, participants were given additional instructions pertaining to the 
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distractor task. The distractor task was randomly selected to take place during either the first or 
second half of the 18 rhythmic coordination task trials. Before the half that did not feature the 
distractor task, participants’ attention was directed towards the fixation cross on the screen in 
front of them. They were instructed to look at the fixation cross while performing the rhythmic 
coordination task. Before the half featuring the distractor task, they were told that words would 
be appearing on the screen in front of them. A brief demonstration of this was provided. They 
were further instructed that before each trial of the rhythmic coordination task, the experimenter 
would provide them with a target word. They were told that if their target word appeared on the 
screen during the trial, they should say the word out loud. Further, they were told that if the word 
did not appear, they were not required to say anything; if the word appeared more than once, 
they were required to say it each time it appeared. Target words were randomly selected per 
trial from the same source as the words appearing on the screen. As the words appearing on 
the screen during each trial were random, it was not guaranteed if or how many times the target 
word would appear. The target word appeared on screen during roughly 30% of trials. The 
target word appeared no more than twice in any trial. It was desirable for participants to say the 
target word as few times as possible, so as to minimize potential perturbations in their rhythmic 
coordination due to the act of speaking. However, the participants could not be allowed to think 
they would only ever have to say it once per trial, allowing them to stop paying attention if it had 
already appeared in a trial, nor could it be so infrequent that they stopped paying attention to the 
distractor task entirely. The random, but low-frequency, appearance of the target word was 
therefore implemented to keep participants engaged while minimizing perturbations. Across all 
trials, there was only one instance of a participant not repeating their target word aloud when it 
appeared.  
 5.2.4 Analyses. 
 Analyses for Experiment 2 were identical to those described for Experiment 1, section 
4.2.4. Parameters used for CRQA were the same as those for Experiment 1 (4.3.2). 
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5.3 Results 
5.3.1 Coordination Measures. 
 A linear mixed effects model treating Phase Region, ST, Distractor, Tempo, and 
Pendulum Set as fixed effects, and Participant and Trial:Participant as random effects, was 
specified for the %OCCUR dependent variable, which was obtained from motion tracking during 
the coordination task as described in 4.2.4. There was a significant main effect of Phase Region 
on %OCCUR, F(17, 11070) = 1007.825, p < .001, ηp2 = .607, indicating that participants spent 
significantly more time per trial near the intended 180° relative phase than in other relative 
phase regions. As in Experiment 1, no main effects of ST, Distractor, Tempo, or Pendulum Set 
are possible. There was a significant Phase Region * ST interaction, F(17, 11070) = 1.6392, p < 
.047, ηp2 = .003, such that participants in the ST condition spent less time per trial near the 
intended 180° relative phase than participants in the Control condition (Fig 2.1). However, 
simple main effects of ST for these phase regions were not significant, p > .8. There were 
significant Phase Region * Tempo, F(34, 11070) = 49.615, p < .001, ηp2 = .132, Phase Region * 
Pendulum Set, F(34, 11070) = 253.786, p < .001, ηp2 = .438, and Phase Region * Tempo * 
Pendulum Set, F(68, 11070) = 8.967, p < .001, ηp2 = .052, interactions, such that participants 
spent less time per trial near the intended 180° relative phase at higher movement frequencies, 
and when using the non-matched pendulum sets. There were no other significant two-, three-, 
or four-way interactions; presence of the distractor task did not significantly impact %OCCUR, 
nor did it feature in any significant interaction effects.  
 A second linear mixed effects model treating ST, Distractor, Tempo, and Pendulum Set 
as fixed effects, and Participant as a random effect, was specified for the SDΦ dependent 
variable. Neither ST nor Distractor had a significant main effect on SDΦ, p > .1 (Fig. 2.2). 
However, there were significant main effects of both Tempo, F(2, 579.02) = 213.959, p < .001, 
ηp2 = .043, and Pendulum Set, F(2, 580.69) = 14.324, p < .001, ηp2 = .047, on SDΦ, such that 
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SDΦ was higher at higher movement frequencies (1hz: M = 31.278, SD = 1.726, 1.5hz: M = 
30.231, SD = 18.411, 2hz: M = 56.534, SD = 23.195), and when using the non-matched 
pendulum sets (M: M = 40.069, SD = 20.767, RL: M = 42.22, SD = 21.903, LL: M = 45.501, SD 
= 23.595). Post-hoc tests revealed significant differences between the 2hz and 1hz Tempo 
conditions, and 2hz and 1.5hz conditions, p < .001. However, post-hoc comparisons between 
individual Pendulum Set conditions were not significant, p > .8. The ST * Tempo interaction was 
not statistically significant, F(2, 579.02) = 2.508, p = .082, ηp2 = .009, but trends in means 
indicate a greater effect of ST on SDΦ  at faster tempos (Fig. 2.3). At 1hz the Control (M = 
30.871, SD = 15.84) and ST (M = 31.693, SD = 17.646) groups had similar SDΦ, but the 
difference between them grew at 1.5hz (Control: M = 38.885, SD = 16.708, ST: M = 41.615, SD 
= 19.997), and at 2hz (Control: M = 53.337, SD = 59.79, ST: M = 59.790, SD = 24.718). Finally, 
the ST * Distraction interaction was not statistically significant, F(1, 579.02) = 3.617, p = .058, 
ηp2 = .006. As Figure 2.2 indicates, participants in the Control condition tended to have slightly 
lower SDΦ during trials featuring the Distractor task than during trials without the Distractor task; 
SDΦ was also lower for these trials than it was for participants in the ST condition either with or 
without the Distractor task.  
 Finally, a linear mixed effects model treating ST, Distractor, Tempo, and Pendulum set 
as fixed effects, and Participant as a random effect, was specified for mean relative phase 
(MΦ). As indicated in section 4.3.1, MΦ is used to pick up directional shifts in attractor locations, 
as occur in coordination with detuning; this supplements the picture of the “accuracy” of 
coordination provided by %OCCUR. There were no main effects of either ST or Distractor on 
MΦ, p > .1. However, there was a significant main effect of Pendulum Set on MΦ, as is typical, 
F(2, 583.24) = 1089.360, p < .001, ηp2 = .789; using mismatched pendulums shifted the attractor 
point away from 180°, and significant differences were present between all Pendulum Set 
conditions, p < .001. Further, the main effect of Tempo on MΦ approached significance, F(2, 
578.95) = 2.651, p = .071, ηp2 = .009. Post-hoc tests revealed that MΦ in the 2hz condition (M = 
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178.730, SD = 35.472) was significantly lower than MΦ in the 1hz condition (M = 181.422, SD = 
22.822), p < .001. There was a significant Pendulum Set * Tempo interaction, F(4, 578.95) = 
21.500, p < .001, ηp2 = .129, such that the attractor point shift due to detuning was greater at 
faster tempos. Finally, there were significant interactions of ST * Pendulum Set, F(2, 583.24) = 
3.024, p = .049, ηp2 = .010 (Fig. 2.4), and Distractor * Pendulum Set, F(2, 579.23) = 4.426, p = 
.033, ηp2 = .015 (Fig. 2.5). Unlike in Experiment 1, participants in the ST condition had smaller 
shifts in MΦ with mismatched pendulums than those in the Control condition. However, simple 
main effects of ST for each Pendulum Set condition were not significant, p > .2. Shifts in MΦ 
with the RL, but not M or LL, pendulum set were greater with the distractor task than without it, p 
= .035. No other significant interaction effects were found.  
 5.3.2 CRQ Measures.  
 Linear mixed effects models treating ST, Distractor, Tempo, and Pendulum Set as fixed 
effects, and Participant as a random effect, were specified for both CRQ measures, %RECUR 
and MAXLINE. There were no significant main effects of ST, Distractor, or Pendulum Set on 
%RECUR. However, there was a significant main effect of Tempo on %RECUR, F(2, 579.24) = 
65.912, p < .001, ηp2 = .185, such that %RECUR was lower for faster Tempos. Post-hoc tests 
revealed significant differences between the 2hz (M = .095, SD = .062) and 1hz (M = 1.448, SD 
= .0932) conditions, as well as the 1.5hz (M = .396, SD = .331) and 1hz conditions, on 
%RECUR, p < .001. Additionally, there was a significant Tempo * Pendulum Set interaction, 
F(4,579.24) = 3.030, p = .017, ηp2 = .020; where using mismatched pendulum sets (RL or LL) 
resulted in lower %RECUR at 1hz than did using the matched (M) pendulum set, while the 
converse was true at 1.5hz (Fig. 2.6). There was only a significant simple main effect of 
Pendulum Set at the 1.5hz Tempo condition, p < .001, where the M (M  = .304, SD = .237) 
pendulum set had lower %RECUR than either the RL (M  = .451, SD = .374) or LL (M  = .427, 
SD = .348) pendulum sets. Finally, the interaction of ST and Pendulum Set was not statistically 
significant, F(2, 582.9) = 2.459, p = .086, ηp2 = .008. There was a trend such that participants in 
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the Control group had slightly lower %RECUR when using the matched pendulum set than 
when using the mismatched pendulum set; this trend was not present among participants in the 
ST group (Fig. 2.7).  
 As with %RECUR, there were no significant main effects of ST, Distractor, or Pendulum 
Set on MAXLINE, p > .1. There was a significant main effect of Tempo on MAXLINE, F(2, 
579.2) = 253.063, p < .001, ηp2 = .466; MAXLINE decreased with increasing Tempo from 1hz (M 
= 145.284, SD = 84.006), to 1.5hz (M = 66.521, SD = 46.586), to 2hz (M = 37.019, SD = 
27.653). Post-hoc comparisons between 1hz and 1.5hz, and between 1hz and 2hz, were both 
significant, p < .001. However, there was no significant difference between the 1.5hz and 2hz 
Tempo conditions on MAXLINE. There were also no significant two-, three, or four-way 
interaction effects on MAXLINE, ps > .2.  
 5.3.3 Survey Measures. 
 As in Experiment 1, and independent samples t-test revealed that participants in the ST 
group (M = 3.939, SD = .920) had significantly higher Stereotype Activation than participants in 
the Control Group (M = 2.632, SD = .800), t(36) = -4.672, p < .001, d = 1.516 (Fig. 2.8). There 
were no significant differences in self-reported ratings of task difficulty or STAI scores, p > .4. 
ST participants (M = .4504, SD = .673) did not find the task more difficult than Control 
participants (M = 4.597, SD = .537), nor did ST participants (M = 38.105, SD = 11.953) have 
high STAI scores than Control participants (M = 40.842, SD = 9.027). Nor was the difference 
between groups on task domain identification statistically significant, t(36) = 1.925, p = .062, d = 
.624. As shown in Figure 2.9, participants in the Control group (M = 5.304, SD = .506) reported 
somewhat greater investment and confidence in their rhythmic coordination abilities than 
participants in the ST group (M = 4.936, SD = .663). Additionally, participants in the Control 
condition (M = 6.160, SD = .765) indicated that they paid more attention to the metronome than 
participants in the ST condition (M = 5.250, SD = 1.251). This effect was statistically significant 
t(37) = 2.716, p = .010, d = .878.  
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5.4 Discussion 
 Like Experiment 1, it was hypothesized that participants in the ST condition would 
perform worse on the rhythmic coordination task than participants in the Control condition. This 
hypothesis was partially supported. Participants under ST spent significantly less time at or near 
the intended 180° relative phase (Φ), indicating that they maintained the anti-phase mode of 
coordination less consistently. However, ST had no significant effect main on SDΦ, indicating 
that there were no differences in the stability of coordination. Further, there were no significant 
main effects of ST on either of the CRQ measures, %RECUR and MAXLINE; this is expected 
given the lack of effect on SDΦ. There was trend such that participants in the ST condition had 
somewhat higher SDΦ than participants in the Control condition at faster tempos. However, this 
interaction effect was not significant.   
Following research on ST and choking from Beilock, et al. (2002; 2004; 2006, it was also 
hypothesized that the distractor task would reduce or eliminate the performance gap due to ST 
for those trials where it was present. However, on most DVs no effect of ST was observed, 
despite the significantly higher stereotype activation of participants in the ST condition. On the 
one DV for which a main effect of ST was found, %OCCUR, there was no significant interaction 
of ST and the distractor task condition. The distractor task did not have significant main effects 
on %OCCUR, SDΦ, MΦ, %RECUR, or MAXLINE, indicating that it did not directly affect 
performance of the rhythmic coordination task. There was an unexpected interaction of ST and 
Distractor on SDΦ: participants in the Control condition had lower SDΦ on trials featuring the 
distractor task than either trials without it, or participants in the ST condition both with and 
without the distractor task. However, this interaction effect only approached significance.  
Interestingly, there were significant interactions of Pendulum Set and ST, as well as 
Pendulum Set and Distractor, on MΦ. When using the mismatched pendulums, mean relative 
phase was shifted from 180°, as was expected. For participants in the ST condition, this shift 
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was attenuated. For trials featuring the distractor task, across both ST and Control Conditions, 
the shift was amplified. Thus, contrary to Experiment 1, ST in the current experiment decreased, 
rather than increased, the effect of detuning on MΦ. Further, there was an interaction 
approaching significance of Pendulum Set and ST on the CRQ measure %RECUR, where 
participants in the Control condition had somewhat lower %RECUR when using matched 
pendulums than mismatched pendulums; this trend was not present for participants in the ST 
condition. 
The current experiment was intended to evaluate the possibility that the presence of a 
distractor task would, as it had in prior ST research, eliminate the effect of ST on performance of 
a motoric task. However, evidence for ST effects was minimal, and when present they were not 
reduced or eliminated by the distractor task. ST was shown to reduce the amount of time per 
trial participants spent performing the intended anti-phase mode of coordination; the distractor 
task did not affect this. However, ST did not have a significant effect on the main measure of 
coordination stability, SDΦ. Further, ST did not magnify the shift in attractor location caused by 
the use of mismatched pendulums as it had in Experiment 1. Rather, it reduced that shift. The 
task becomes, then, one of explaining why ST effects were found in Experiment 1, but largely 
not in Experiment 2, despite the increased sample size which should have facilitated detection 
of ST effects.  
In the current experiment, the trials without the distractor task were near identical to all 
trials in Experiment 1, with one key difference. Where in Experiment 1 participants were free to 
direct their attention wherever they so chose, in Experiment 2, even on trials without the 
distractor, they were instructed to maintain focus on a projection screen centered in front of 
them. This procedure was in place to maintain parity between the distractor and distractor-free 
trials within Experiment 2: in either condition, participants were looking at the screen, with the 
only difference between them being whether they were engaged in the distractor task, or simply 
looking at a fixation target. The distractor task had no significant main effect on any of the major 
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coordination DVs. Thus, contrary to previous findings (Monno, et al., 2001; Zanone, et al., 
2001), being engaged in a secondary task had no effect on the stability of coordination. It may 
be the case, however, that the distractor task was not difficult enough to affect coordination, 
while the requirement to look at the screen itself led to the lack of significant ST effects on 
coordination stability. In Experiment 1, mean SDΦ for the Control and ST conditions was 31.626 
and 37.013, respectively. In Experiment 2, mean SDΦ for the Control and ST conditions was 
40.999 and 44.328, respectively. In only trials without the distractor task, mean SDΦ was 
42.519 for the Control condition, and 44.148 for the ST condition. The stability of coordination, 
as indexed by SDΦ, was therefore worse across the board in Experiment 2 than Experiment 1. 
Because the no-distractor trials of Experiment 2 were identical to all trials of Experiment 1 other 
than the requirement to focus on the fixation target, this additional constraint on attention 
present only in Experiment 2 is likely responsible for the substantial difference in stability 
between the experiments.  
In Experiment 2, having all participants – both ST and Control – attend to the screen in 
front of them may have leveled the playing field, in a sense. Results from Experiment 1 and 
prior research suggest that ST effects in motoric tasks operate through attention. Beilock, et al. 
(2002; 2004; 2006) have argued that this is because ST leads to undue monitoring step-by-step 
task performance. Because participants in the current experiment were required to look at the 
screen in front of them, this possibility was in a sense precluded. Taken together, results from 
Experiment 1 and Experiment 2 seem to indicate that while bimanual rhythmic coordination is 
generally facilitated by visual attention (Experiment 1 SDΦ < Experiment 2 SDΦ), ST effects are 
only possible when participants are free to direct their attention wherever they choose 
(Experiment 1: ST ≠ Control; Experiment 2: ST = Control). Contrary to claims from Beilock, et al. 
(2006), it may be the case that ST effects in rhythmic coordination therefore stem from the 
reduction of attention to the coordination task, rather than undue attention on its step-by-step 
execution. An additional opportunity for evaluating the attentional account of ST effects is 
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provided by Experiment 3, in which, similar to Experiment 1, participants were allowed to freely 
direct their attention. Further, where Experiments 1 and 2 used an intrapersonal pendulum 
swinging paradigm, Experiment 3 used an interpersonal pendulum swinging paradigm. In 
interpersonal coordination the coupling between oscillators required to produce coordinated 
movement is necessarily mediated by pickup of visual information, as affected by attention and 
various other factors. ST effects in interpersonal coordination, then, would provide additional 
support for the notion that ST affects performance on motoric tasks through attention.   
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6. Experiment 3 
6.1 Introduction 
 The original extension of the study to coordination dynamics to interpersonal 
coordination was performed by Schmidt, et al. (1990), who found that the basic predictions of 
the HKB model (Haken, et al., 1985) are borne out not just for coordination conducted by an 
individual, but also for coordination that occurs between people. It is difficult to overstate the 
significance of this finding. Where it has been traditionally assumed that motor control and 
coordination are the result of top-down cognitive (though that is not to say conscious) 
processes, the observed parity between intrapersonal and interpersonal coordination dynamics 
provides strong support for the notion that coordination is an emergent, a posteriori 
consequence of distributed processes. Effects of coordination mode, movement frequency, and 
detuning, originally predicted for and validated with studies of intrapersonal coordination, have 
been replicated in interpersonal coordination (Schmidt, et al., 1990; Schmidt & Turvey, 1994; 
Amazeen, et al., 1995; Schmidt, et al., 1997; Schmidt, et al., 1998; Richardson, et al., 2007; 
Richardson, et al., 2008).   
As stated by Schmidt, et al. (1998): “the same control processes seem to be at work 
regardless of whether the coordination involves one nervous system or two or whether the 
coupling medium is the optic array or neural tissue” (p 884). And while the same control 
processes may be at work, the difference in coupling medium has a demonstrable effect on 
coordination. It has been found, for example, that coupling in interpersonal coordination is 
typically weaker than in intrapersonal coordination (Schmidt, et al., 1998). This may be due to 
differences in the efficiency of visual (for interpersonal) and proprioceptive (for intrapersonal) 
information pickup. Attention may also play a role in the weaker coupling of interpersonal 
coordination. Meerhoff & de Poel (2014) indicate that coupling in intentional interpersonal 
coordination is asymmetrical: some individuals are more attentive to visual information which 
supports interpersonal synchrony than others, creating a situation where they are more coupled 
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to the movement of others than vice versa. Effects of attention are also suggested by studies of 
spontaneous interpersonal coordination – that is, coordination which occurs when acting in the 
presence of others, without explicit instructions to coordinate, or incentives for doing so. For 
example, Richardson, et al. (2007) found that participants spontaneously coordinate with others 
when focusing on each other’s movements, but not otherwise. Further, social factors have been 
shown to affect spontaneous interpersonal coordination, with attention as a likely mediating 
factor (Miles, et al., 2010; Miles, et al., 2011; Lumsden, et al., 2012). It has been suggested that 
factors such as group membership and pro-social orientation affect the allocation of visual 
attention, which in turn leads to the presence or absence of spontaneous synchrony (Miles, et 
al., 2010; Lumsden, et al., 2012).  
In the current experiment, participant dyads were tasked with engaging in intentional, 
interpersonal rhythmic coordination. Each participant held only one pendulum, and coordinated 
their movement with that of the other participant. As in both previous experiments, they were 
required to maintain the anti-phase mode of coordination, as paced by an auditory metronome. 
Participants were forbidden from strategizing or otherwise communicating during the 
coordination task; they could only achieve stable anti-phase coordination by attending to the 
relative position of their own and their partner’s pendulums. Because visual information pickup 
provides the coupling necessary for interpersonal coordination, any differences in coordination 
observed in the current experiment are understood to implicate attention more directly than 
those observed in Experiments 1 and 2.  
The implementation of the ST manipulation in the current experiment differed from either 
of the previous experiments. In Experiments 1 and 2, participants were randomly assigned to 
either the ST or Control condition. In the current experiment, participant dyads were randomly 
assigned to either an Asymmetrical ST (Asym) or Control condition. In Asym dyads, one 
participant was placed under ST, using methods similar to those in Experiments 1 and 2, while 
the other participant was not. Thus, an ST participant and a Control participant coordinated their 
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movements in Asym dyads. Each participant was blind to the other’s ST condition, and neither 
was aware that ST was the study’s actual focus. The experience of ST in the Asym dyads was 
therefore a “private” one – the Control participant was unaware of the ST participant’s 
predicament. In Control dyads, neither participant was under ST, and neither was aware of the 
study’s focus.  
Asym dyads were used, rather than dyads in which both participants were under ST, 
because of their resemblance to the experience of “vanguard” individuals (Steele, 1997; 
Schmader, et al., 2015). As noted by Steele (1997), ST is often more pronounced in individuals 
who are among the first in their group to broach some domain. For example, the first African 
Americans to attend universities would be considered members of a vanguard. For these 
vanguard individuals, it is highly likely that they would be interacting, while under ST, with 
majority group members who are not experiencing ST. It is desirable to understand how this 
asymmetry in social and material meaning and consequences affects the quality of interaction, 
as well as any factors pursuant to it. There is some evidence that engaging in interpersonal 
coordination leads to benefits including increased helping behavior, trust, rapport, and liking 
(Hove & Risen, 2009; Wintermuth & Heath, 2009; Kirschner & Tomasello, 2010; Kokal, et al., 
2011; Launay, et al., 2013). The current experiment is therefore of great importance in that if it 
were found that asymmetrical experiences of ST reduce the quality of interaction, and that 
reduced quality of interaction has negative downstream social consequences, the long-term 
impacts of ST may be greater and more varied than previously thought.  
Further, while ST is only possible by virtue of the embedding of one’s actions within 
various interpersonal and intergroup dynamics, there is very little research on ST effects in 
interpersonal interaction. Rather, individual outcomes are typically examined. What 
interpersonal ST research exists shows that ST affects behavior in fictional or imagined 
interactions with others (Goff, et al., 2008; McGlone & Pfiester, 2015; Najdowski, et al., 2015). 
Additionally, two studies reveal ST effects in genuine interpersonal interaction: in one, ST led to 
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increased non-verbal anxiety among gay and bisexual men interacting with children, and in the 
other, participants with schizophrenia were rated as having less social competence by 
confederates when under ST, as compared to a control condition. While these studies do 
indicate that interpersonal interaction is in some way affected by ST, neither employs a joint-
action paradigm, in which participants must work together in accomplishing some task, and 
relatedly, neither assess dyad-level outcomes. The current study, by contrast, does both. Rather 
than assess how the behavior of an individual is affected by ST in an interpersonal setting, the 
current study assesses how the emergent, joint behavior of a dyad is affected by one member’s 
experience of ST. It is therefore of a different kind and focus than all known past research on ST 
in interpersonal interaction.  
It was hypothesized that dyads in which one member experienced ST would perform 
worse than Control dyads on the coordination task. It was further hypothesized that members of 
these Asym dyads would perceive their partners more negatively than members of Control 
dyads.  
 
6.2 Method 
 6.2.1 Participants. 
A total of 31 participant dyads, or 62 participants (mean age = 18.47, 55% female, 45% 
male), were recruited. All participants indicated that they were musicians or dancers with at 
least two years of experience. All participants also indicated that they were not already familiar 
with their dyad partner. On Asym participant dyad was dismissed before the start of the 
coordination task because the ST participant mentioned aspects of the ST task description to 
their Control partner, not knowing that they had actually received different task descriptions, 
thus spoiling the manipulation. Therefore, of the 31 dyads recruited, 30 completed all portions of 
the experiment and produced usable data. A sample size of 30 was targeted because 
interpersonal coordination is typically more difficult than intrapersonal coordination (Richardson, 
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et al., 2008), and was therefore assumed to be more sensitive to a ST manipulation. Participant 
dyads were randomly assigned to either an Asymmetrical ST or Control (no ST) condition. In 
Asymmetrical ST dyads, one dyad member was under ST, while the other was not. In Control 
dyads, neither participant was under ST. All participants were recruited via the UConn 
Psychological Sciences participant pool (SONA), and were awarded credit towards completion 
of a class requirement.  
 6.2.2 Materials. 
 Materials used in Experiment 3 were largely identical to those used in Experiment 1 
(section 4.2.2). One additional chair was provided to accommodate the second participant, and 
a survey measure designed to assess each participant's impression of the other member of their 
dyad (Appendix A.7) was added. This measure asked participants about their impression of 
their partner (e.g. “I felt like I worked well with the other participant”, “I felt comfortable with the 
other participant”), as well as their partner’s perceived impression of them (e.g., “I felt that the 
other participant was comfortable with me”). Cronbach’s alpha for this scale was α = .727.  
 6.2.3 Procedures. 
 Procedures from Experiment 1 were adapted for use with dyads in Experiment 3. At the 
beginning of the experiment, participant dyads were either assigned to the Control (neither 
participant under ST) or Asymmetrical ST (one participant under ST, one participant not under 
ST) condition. In the Asymmetrical ST (hence, Asym) condition, the participant placed under ST 
was randomly selected. To keep participants blind to their dyad partner’s ST condition, the task 
descriptions which were given verbally in Experiment 1 were given in the current experiment in 
a written format through the online survey distribution platform Qualtrics. Participants were 
automatically routed by Qualtrics to either the Control or ST version of the task description. 
Participants accessed Qualtrics through their phones, or a laptop provided by the experimenter 
if their phone was not available. Reading the task descriptions on small phone screens, 
participants were not able to see, and were given no indication, that that their partner’s task 
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description might differ from their own; verbal debriefing confirmed that participants were 
unaware of the different task descriptions. To cover for the demographics form that participants 
in the ST condition had to complete before the coordination task, participants in the Asym dyads 
were informed that the Qualtrics system randomized some aspects of the experiment’s 
sequence. Again, verbal debriefing confirmed that participants did not find this suspicious.  
 For the coordination task, participants sat side-by-side in individual chairs, each holding 
only one pendulum in the hand nearest their dyad partner, with their arm supported by the 
centrally located table (see Fig. X). For dyads in which both participants were right handed, 
seating assignments were random. For dyads featuring one left handed participant, they were 
seated such that both participants could use their dominant hand, i.e., right handed participant 
on the left, and left handed participant on the right. No dyads featured two left handed 
participants. For Asym dyads, the seating position of the participant selected for the ST 
manipulation was counterbalanced; for half of the Asym dyads the ST participant was seated on 
the right, and for the other half they were seated on the left. The selection of ST participant in 
Asym dyads was indifferent to handedness. As such, for some Asym dyads the ST participant 
used their dominant hand, while for others they used their non-dominant hand.  
Participants were told that the experiment would test their ability to maintain a rhythm 
together. All instructions about how to swing the pendulums, the metronome’s functioning, etc. 
were as similar as possible to those in Experiment 1 (section 4.2.3). The experimenter 
demonstrated anti-phase mode of coordination for the participant dyads, and informed them that 
they would have to maintain that pattern between them – that is, they would have to swing their 
pendulums in opposite directions at the same frequency. Participants practiced the coordination 
task with the metronome, which they were told was only intended to provide tempo, and not 
pendulum position per se. All participant dyads were able to successfully coordinate with each 
other in the anti-phase mode, and keep up with the metronome, during this training. Participants 
were specifically told that they were not allowed to strategize or otherwise communicate with 
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their partner about the coordination task. They were further instructed not to tap their feet, 
employ hand gestures, nods, meaningful looks, or other methods of communication that might 
aid their coordination. Procedures for the coordination task were otherwise identical to 
Experiment 1.  
 After the 18 trials of the coordination task, participants completed the survey measures 
as in Experiment 1, including the self-affirmation activity. However, for the current experiment 
this portion included an additional survey which assessed participants’ feelings about and 
rapport with their dyad partners. Debriefing was similar to Experiment 1. As applicable, it was 
also revealed to participants that their dyad partner received an alternative task description, and 
that the placement of the demographics form was not random, but an intentional aspect of the 
ST manipulation.  
 6.2.4 Analyses. 
 Analyses for Experiment 3 were identical to those described for Experiment 1 (section 
4.2.4). Parameters used for CRQA were the same as those for Experiment 1 (4.3.2). However, 
measures which in Experiment 1 referred to the outcomes of individual participants here refer 
instead to the outcomes of dyads. For example, in Experiment 1 MΦ captured the mean offset 
in position between the two wrist-pendulum systems of one person – that is, the positions of 
their right hand and left hand were compared. In Experiment 3, MΦ captures the mean offset in 
position between the wrist-pendulum systems of the two participants – the position of participant 
A’s hand is compared to the position of participant B. Similar logic applies to other measures, 
i.e. SDΦ captures variability in the coordination between dyad members, rather than within a 
single participant.  
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6.3 Results 
6.3.1 Coordination Measures. 
 A linear mixed effects model treating Phase Region, ST, Tempo, and Pendulum Set as 
fixed effects, and Dyad and Trial:Dyad as random effects, was specified for the %OCCUR 
dependent variable. There was a significant main effect of Phase Region on %OCCUR, F(17, 
9216) = 497.395, p < .001, ηp2 = .478, indicating that dyads spent significantly more time per trial 
near the intended 180° relative phase than in other relative phase regions . There was also a 
significant interaction of Phase Region and ST, F(17, 9216) = 30.934, p < .001, ηp2 = .054, such 
that Asym dyads spent less time per trial near the intended 180° relative phase than Control 
dyads (Fig. 3.1). Significant simple main effects of ST were found for the two Phase Regions 
covering 160° - 200° relative phase, p <= .02. There were significant Phase Region * Tempo, 
F(34, 9216) = 62.562, p < .001, ηp2 = .187, and Phase Region * Pendulum Set, F(34, 9216) = 
3.120, p < .001, ηp2 = .011, interactions, such that participants spent less time per trial near the 
intended 180° relative phase at higher movement frequencies, and when using the non-
matched pendulum sets. Finally, there were significant three-way interactions of Phase Region * 
Tempo * ST, F(34, 9216) = 4.294, p < .001, ηp2 = .016 (Fig. 3.2), Phase Region * Tempo * 
Pendulum Set, F(68, 9216) = 1.555, p = .002, ηp2 = .011, and Phase Region * ST * Pendulum 
Set, F(24, 9216) = 2.789, p < .001, ηp2 = .007 (Fig. 3.3); the deleterious effects of faster tempos 
and mismatched pendulum sets were increased under ST .  
 A second linear mixed effects model treating ST, Tempo, and Pendulum Set as fixed 
effects, and Dyad as a random effect, was specified for the SDΦ dependent variable. There was 
a significant main effect of ST on SDΦ, F(1, 28.01) = 7.739, p = .009, ηp2 = .216, such that 
participants in the ST condition (M = 72.696, SD = 34.129) had higher SDΦ than those in the 
Control condition (M = 54.821, SD = 29.506), indicating less stable coordination (Fig. 3.4). 
There was also a significant main effect of Tempo F(2, 484.05) = 374.229, p < .001, ηp2 = .607, 
on SDΦ, such that SDΦ was higher at higher movement frequencies. Post-hoc comparisons 
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revealed significant differences in SDΦ between all Tempo conditions, p < .005. There was no 
significant main effect of Pendulum Set on SDΦ, p > .5. However, there was significant Tempo * 
ST interaction, F(2,484) = 4.503, p = .012, ηp2 = .018, and analysis of simple main effects 
revealed significant differences between all Tempo conditions for both Control and Asym dyads, 
p < .001 (Fig. 3.5). The Pendulum Set * ST interaction was not statistically significant, F(2, 
484.32) = 2.353, p = .093, ηp2 = .010 (Fig. 3.6).  
 Finally, a linear mixed effects model treating ST, Tempo, and Pendulum Set as fixed 
effects, and Dyad as a random effect, was specified for the MΦ dependent variable. As noted in 
sections 4.3.1 and 5.3.1, MΦ supplements %OCCUR by detecting directional shifts in attractor 
location, providing additional insight into the “accuracy” of coordination. However, unique to 
Experiment 3, there were some trials during which participants spent similar amounts of time 
near Φ = 0° and Φ = 180° (Fig. 3.1 – 3.3). That is, the characteristic spontaneous switch from 
anti-phase to in-phase coordination occurred, likely as a result of the higher difficulty of 
interpersonal coordination relative to intrapersonal coordination. As such, MΦ does not 
adequately capture the bimodal distribution of Φ in some trials, and %OCCUR may be a more 
reliable index of task performance. There was a significant main effect of Pendulum Set on MΦ, 
F(2, 485.71) = 4.322, p = .014, ηp2 = .017, such that the attractor location was shifted from 180° 
in the RL and LL conditions. Post-hoc tests revealed significant differences in MΦ between the 
M and LL conditions, p = .010, and RL and LL conditions, p = .016, but not the M and RL 
conditions, p > .9. There were no significant main effects of either ST or Tempo on MΦ, p > .1. 
However, there was a significant Pendulum Set * ST interaction on MΦ, F(2,485.71) = 3.020, p 
= .049, ηp2 = .012 (Fig. 3.7). Analysis of simple main effects revealed a statistically significant 
effect of Pendulum Set only for the Control condition, p < .01. Trends in the data suggest 
increased effects of Pendulum Set and ST at faster tempos. However, neither the Pendulum Set 
* Tempo interaction, F(4, 484.57) = 2.158, p = .073, ηp2 = .018, nor the ST * Tempo interaction 
was significant, F(2, 484.49) = 2.901, p = .056, ηp2 = .012. This trend appeared similar to that in 
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Experiment 2 (section 5.3.1). However, the extent of attractor shift in the current experiment was 
markedly lower (~5° in either direction) than in either of the previous experiments (~30° in either 
direction) 
 6.3.2 CRQ Measures. 
 Similar to Experiment 1, linear mixed effects models treating ST, Tempo, and Pendulum 
Set as fixed effects, and Participant Dyad as a random effect, were specified for the CRQ 
measures %RECUR and MAXLINE. There was a significant main effect of Tempo, F(2, 484.04) 
= 432.828, p < .001, ηp2 = .614 on %RECUR; %RECUR was lower at faster Tempos (1hz: M = 
1.482, SD = .892; 1.5hz: M = .395, SD = .289; 2hz: M = .078, SD = .037). Post-hoc tests 
revealed significant differences on %RECUR between all Tempo conditions, p < .01. There 
were no significant main effects of ST or Pendulum Set on %RECUR, nor were there any 
significant two- or three-way interaction effects, p > .1.  
 There was a significant main effect of Tempo on MAXLINE, F(2, 483.96) = 508.248, p < 
.001, ηp2 = .677, such that MAXLINE decreased as Tempo increased (1hz: M = 163.158, SD = 
87.766; 1.5hz: M = 38.098, SD = 24.059; 2hz: M = 12.162, SD = 3.958). Post-hoc tests revealed 
significant differences on MAXLINE between the 1hz and 1.5hz, and 1hz and 2hz, conditions, p 
< .001; the difference between the 1.5hz and 2hz conditions was not statistically significant, p = 
.079. There were no significant main effects of either ST or Pendulum Set on MAXLINE, and no 
significant interaction effects, p > .1. 
 6.3.3 Survey Measures. 
 A linear mixed effects model treating ST as a fixed effect and Dyad as a random effect 
revealed a significant effect of ST on Stereotype Activation, t(58) = 4.912, p < .001, d = 1.391, 
such that participants under ST (M = 3.611, SD = .955) experienced higher Stereotype 
Activation than those not under ST (M = 2.393, SD = .789) (Fig. 3.8). There were no significant 
differences between ST and Control participants on ratings of task difficulty, task domain 
investment, or STAI anxiety scores, p > .1. There was also no significant difference between ST 
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(M = 6.270, SD = 1.163) and Control (M = 6.220, SD = 1.166) participants on how much 
attention was paid to the metronome, t(58) = -.128, p = .899, d = .043.  
 Unique to Experiment 3, participants were asked to rate the other member of their Dyad 
through a set of eight Likert-type questions. The partner rating scale had high internal reliability, 
Cronbach’s α = .810. Partner ratings were positively correlated, rp = .5, p = .014, such that if one 
dyad member rated their partner highly, their partner also tended to rate them highly. Intraclass 
correlation also indicated fair agreement between Dyad members, κ = .47, p < .01. Asym dyads 
members (M = 5.194, SD = .954) tended to rate their partners lower on average than Control 
dyad members did (M = 5.661, SD = .775); however, this trend was not statistically significant, 
F(1, 28) = 2.948, p = .097, ηp2 = .095 (Fig. 3.9). Additionally, exploratory analysis revealed a 
small but significant correlation between each dyad’s mean partner rating and per-trial SDΦ (r = 
-.111, p = .011). 
 
6.4 Discussion 
 It was hypothesized that Asym dyads would fare worse on the interpersonal coordination 
task than Control dyads. This hypothesis was supported. Asym dyads spent less time per trial at 
or near the intended 180° relative phase, indicating that they were less capable of maintaining 
the anti-phase mode of coordination, than Control dyads. Further, Asym dyads had significantly 
higher SDΦ than Control dyads, indicating that their coordination was less stable. SDΦ 
increased for both Asym and Control dyads as Tempo increased, though a significant 
interaction of ST and Tempo revealed that Asym dyads were more negatively impacted by 
faster tempos than were Control dyads. Thus, Asym dyads fared worse overall, and were more 
impacted by increases in the coordination task’s difficulty. However, there were no significant 
effects of ST on either of the CRQ measures, %RECUR and MAXLINE. The worse performance 
of Asym dyads is therefore not immediately attributable to either decreased attractor strength or 
increased noise.  
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 Analysis of survey measures revealed that individual participants under ST had 
significantly higher stereotype activation than those not under ST, whether they belonged to 
Asym or Control dyads. No significant differences between ST and Control participants were 
found on ratings of task difficulty, task domain investment, or state anxiety. Unique to the 
current study, participants were asked to rate their dyad partner via a questionnaire featuring 
eight Likert-type items (Appendix A.7). This questionnaire featured items intended to assess 
their liking of their partner (e.g., “I felt comfortable with the other participant,” and “I feel like I 
would get along with the other participant in a social setting”), as well as reflexive items (e.g., “I 
thought the other participant was judging my performance”). It was found that these partner 
ratings were non-independent: participants who rated their partner highly also tended to receive 
high ratings from their partner. Further, there was a trend for Asym dyad members to rate each 
other lower than Control dyad members; when one dyad member experienced ST, interpersonal 
liking and rapport were somewhat decreased. However, this trend was not statistically 
significant. Exploratory analysis revealed that partner ratings were associated with coordination 
task performance, such that dyads in which partners viewed each other more positively also 
tended to have more stable coordination. However, possibilities for interpreting of this finding 
are highly limited. Stability of coordination was assessed on a per-trail basis, while partner 
ratings were obtained once, after all trials of the coordination task had been concluded. The 
direction of causation, and the possibility of bi-directional causation, is therefore impossible to 
assess. That is, it is not possible on the basis of the current study to make claims about 
successful coordination leading to liking, or vice versa. Access to time-series data on 
interpersonal liking and rapport would be required to understand the shared dynamics, 
assuming they exist, of these outcomes; it stands to reason that the success of coordination and 
one’s impressions of the person one is coordinating with evolve together, with bi-directional 
influence, over the course of interaction.  
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 These results indicate that ST affects the outcomes of joint action. When one member of 
a dyad experienced ST the performance of the dyad as a whole was negatively impacted, even 
though the other dyad member did not experience ST, and was wholly unaware of their 
partner’s predicament. The implications of this finding are profound and bear further 
investigation. It has been repeatedly demonstrated in the ST literature that ST impacts individual 
performance in a number of domains, including both cognitive and motoric tasks (Schmader, et 
al., 2008). The current study demonstrates that the effects of ST are not limited to individual-
level outcomes: dyad-level outcomes are also subject to ST effects. That is, while ST can impair 
performance on, for example, a standardized test (Steele & Aronson, 1995; Spencer, et al., 
1999), or an athletic task (Stone, et al., 1999; Schmader, et al., 2006), it can also impair one’s 
ability to act in a coordinated manner with others. It has been suggested by Marsh, et al. (2006) 
and others that interpersonal coordination, and more specifically joint action, forms the basis of 
sociality. That is, all social interaction is premised on one’s ability to bring one’s behavior into 
coordination with that of others. Conversation, cooperation, and more rely on the mutual 
entrainment of behavior between people – the formation of social synergies which enable action 
as a group and with a group. If ST has the potential to undermine these processes, it may have 
effects of a type heretofore underappreciated. ST may impact the abilities of dyads or groups to 
accomplish tasks, work together effectively and adaptively, and maintain internal integrity. It 
may further impact matters of group member selection, feelings of belonging, interpersonal trust 
and liking, and the extent to which individuals make themselves available for interaction with 
others (the “intract-ability” of Meerhoff & de Poel, 2014). These are essentially complex matters: 
causal factors and outcomes cross individual, dyadic, and group levels; bi-directional causation 
is likely both within and across levels of analysis; the evolution of any given observable over 
time likely bears traces of numerous factors which are not easily pinned to one level of analysis 
or another. The current study therefore provides only a small entry into the study of the 
dynamics of complex social systems.   
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7. General Discussion 
7.1 Summary of Results 
 Three experiments were conducted to assess the role of stereotype threat in rhythmic 
coordination. These experiments were intended to provide provisional answers to three 
interrelated questions. First, can stereotype threat affect the dynamics of intrapersonal rhythmic 
coordination? Second, does it do so in a manner consistent with extant theories of stereotype 
threat in motoric tasks? And finally, does this effect extend to interpersonal coordination, and if 
so, what social consequences might be expected?   
In all three experiments, participants (or dyads, in Experiment 3) were required to swing 
a pair of rigid pendulums back and forth in opposite directions of each other (anti-phase 
coordination mode) via radial / ulnar deviation of the wrists. They were instructed to match the 
frequency of their movement to an auditory metronome, which was set to either 120, 180, or 
240bpm, corresponding to one half-cycle of 1, 1.5, or 2hz movement, respectively. Three 
different sets of pendulums were used, in which the pendulums were either 58/58cm (M or 
matched condition), 34/68cm (RL or right longer condition), or 68/34cm (LL or left longer 
condition). Tempo and pendulum set were manipulated in order to vary the level of task 
difficulty: faster tempos, and mismatched pendulums, are associated with worse performance 
on similar tasks. The metronome tempo changed every trial, and every three trials participants 
were required to use a different set of pendulums. Each participant or dyad completed a total of 
eighteen 100s trials of the coordination task, with two trials of each tempo and pendulum set 
combination.  
Stereotype threat manipulations were similar across all three experiments. Participants 
in the ST condition of each experiment were told that the study was concerned with social and 
cultural differences in rhythmic coordination abilities, and that the task was diagnostic of their 
overall ability to engage in rhythmic coordination, as one does when playing music or dancing. 
They were further told that Caucasians tended to perform worse on the task. This framing was 
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intended to bring to mind stereotypes about the lack of rhythm or dancing ability among 
Caucasians. By contrast, participants in the Control condition were told that the study was 
generally concerned with motor coordination, and that their performance on it had no bearing on 
their overall coordination abilities. No mention of group-based differences was made for 
participants in the Control condition. To ensure stereotype applicability and sufficient task 
domain identification to produce ST effects, participants were filtered such that only non-Latinx 
Caucasians with at least two years of music performance or dance experience were used.  
Dependent variables and analyses were also similar across all three experiments. From 
the coordination task, data for five variables of interest were collected and analyzed: %OCCUR, 
SDΦ, MΦ, %RECUR, and MAXLINE. %OCCUR refers to the amount of time per trial 
participants spent performing the specified anti-phase mode of coordination. SDΦ provides a 
measure of the stability of their coordination. %OCCUR and SDΦ may be thought of as 
analogous to the accuracy and precision of coordination, respectively. MΦ picks up directional 
shifts in the relative phase of coordination – that is, the offset between the two pendulums – and 
is used to detect if or when one pendulum is “leading” the other. %RECUR and MAXLINE are 
measures obtained through cross-recurrence quantification (CRQ) analysis, and are understood 
to index factors contributing to SDΦ. %RECUR indexes the amount of noise in the system 
producing coordinated movement: lower %RECER is associated with increased noise, which 
has been linked to concurrent cognitive activity during coordination. MAXLINE indexes the 
“attractor strength” of coordination – essentially, the strength of the pull the system experiences 
towards certain modes of coordination over others. Decreased MAXLINE is associated with 
lower attractor strength, which has been linked to manipulations of participants’ attention during 
coordination. Through these five DVs a picture of participants’ performance on the rhythmic 
coordination task is obtained, and factors negatively impacting their performance may be 
identified. 
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Several survey measures were also used across all three experiments, and are provided 
in full in Appendix A. Of primary interest, a measure of stereotype activation was used as a 
manipulation check. Participants also completed a measure of task domain identification, 
indicating the importance of their rhythmic coordination abilities to them, as well as their 
confidence in their ability. Other measures included the perceive difficulty of the task, and the 
state anxiety portion of the STAI (Spielberger, 1983). Finally, unique to Experiment 3, 
participants were asked to rate the other member of their dyad. This measure included items 
regarding their comfort with and liking of their partner, as well as items regarding their partner’s 
perceive liking of and comfort with them. Participants in Experiment 1 and 2, who completed the 
experiment individually, were not asked to fill out this measure.  
In Experiment 1, ST was manipulated between-groups, while tempo and pendulum set 
were manipulated within-subjects. It was hypothesized that participants in the ST condition 
would perform worse on the coordination task than participants in the Control condition. This 
hypothesis was supported. Participants in the ST condition were less able to maintain the 
specified mode of coordination, indicated by significantly lower %OCCUR. They also had less 
stable coordination, as indicated by higher SDΦ, which approached significance. ST also 
magnified the shifts in MΦ observed when using mismatched pendulums (RL and LL 
conditions). Thus, ST negatively impacted performance on the coordination task. It was also 
hypothesized that participants in the ST condition would report higher levels of stereotype 
activation than those in the Control condition, and this was supported. Unexpectedly, 
participants in the ST condition also had significantly higher STAI scores than Control, indicating 
higher levels of self-reported anxiety. The aim of Experiment 1 was to assess whether ST could 
affect performance on a rhythmic coordination task: numerous ST effects on coordination 
performance measures show that it is, indeed, possible.  
Experiment 2 was intended to identify how ST affects rhythmic coordination. It has been 
argued that ST effects on motoric tasks are due to misplaced attention (Schmader, et al., 2008). 
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Beilock, et al. (2002; 2004; 2006) have argued that, similar to situations of choking under 
pressure, ST affects skilled motor performance by drawing undue attention towards step-by-
step task execution, interfering with what is best left to operate relatively automatically. Further, 
there is evidence that drawing attention away from motor task performance with a concurrent 
cognitive task alleviates ST effects (Beilock, et al., 2006). However, there is also evidence that 
dual-task demands negatively impact rhythmic coordination (e.g., Zanone, et al., 2001; 
Pellechia, et al., 2005; Shockley & Turvey, 2006). Experiment 2 was therefore designed to 
assess the effects of a distractor task, based on that used by Beilock, et al. (2002; 2004; 2006), 
on rhythmic coordination under ST. For the distractor task, participants viewed a series of words 
which appeared one at a time on a large projection screen in front of them. Before each trial of 
the coordination task featuring the distractor task, they were provided with a target word, which 
they were required to repeat aloud should it appear. On trials without the distractor tasks, 
participants were simply required to look at a fixation target on the screen, appearing in the 
same location as the words in the distractor task. As in Experiment 1, ST was manipulated 
between-groups, while tempo and pendulum set were manipulated within-subjects. Unique to 
Experiment 2, presence of the distractor task was also manipulated within-subjects.  
It was hypothesized that, like Experiment 1, participants in the ST condition would 
perform worse on the coordination task than Control. This hypothesis was partially supported. 
Participants in the ST condition were less able to maintain the specified anti-phase mode of 
coordination. However, there was no significant effect of ST on coordination stability. Further, 
unlike Experiment 1, no main effects of ST on either %RECUR or MAXLINE were found. It was 
also hypothesized that the distractor task, when present, would reduce or eliminate performance 
differences due to ST. However, except on %OCCUR, no performance detriments due to ST 
were found, and on that measure, there was no significant interaction of ST and the distractor 
task. Therefore, this hypothesis was not supported. Indeed, there were no main effects of the 
distractor task on any coordination performance measures. It may be the case that requiring 
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participants to look at the projection screen regardless of distractor task condition led to the 
absence of ST effects in this experiment. In trials without the distractor task, Experiment 2 was 
largely similar to Experiment 1, the only difference being that in Experiment 2 participants’ 
attention was fixed, where in Experiment 1 it was not. This in itself seems to have affected 
performance: SDΦ in Experiment 2 was, across all conditions, considerably higher than in 
Experiment 1, indicating that performance in Experiment 2 was weaker across the board. 
Attending to the performance of rhythmic coordination does, in some cases, increase its stability 
(Swinnen, et al., 1996; de Poel, et al., 2008). Disallowing this in Experiment 2 therefore may 
have impaired performance. Further, it may be the case that ST in rhythmic coordination 
impacts performance by drawing attention away from a task where it is required, rather than 
drawing it to aspects of a task where it is not, as suggested by Beilock, et al. (2008). Thus, 
ensuring that visual attention was not on the coordination task in Experiment 2 may have 
leveled the field between ST and Control participants. That is, it could be the case that 
performance under ST was worse than Control in Experiment 1 because attention for ST 
participants was shifted off-task, while performance for all participants in Experiment 2 was 
worse, with no differences between ST and Control, because attention was guaranteed to be 
off-task. Participants in the ST condition in Experiment 2 had significantly higher stereotype 
activation than those in the Control condition. Therefore, it is not the case that ST effects were 
not found because they were not sensitive to the manipulation. Additionally, unlike Experiment 
1, ST and Control participants did not report significantly different levels of anxiety.  
Experiment 3 explored the possibility of extending ST effects in intrapersonal rhythmic 
coordination to interpersonal rhythmic coordination. Participants in Experiments 1 and 2 
completed the experiment individually. By contrast, participants completed Experiment 3 as 
dyads. The procedures were adjusted accordingly. Instead of one participant holding two 
pendulums, one in each hand, and swinging them back and forth opposite each other, here two 
participants each held one pendulum in the hand nearest their partner, with whom they sat side-
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by-side, but with enough room to swing the pendulums freely. Participant dyads were then 
required to produce the same anti-phase coordination pattern as Experiments 1 and 2 between 
themselves. That is, the participants had to monitor each other’s performance to ensure that 
they were moving in opposite directions, albeit at the same frequency, at any given time. It has 
previously been found across multiple studies that the major predictions of a mathematical 
model intended for intrapersonal rhythmic coordination (Haken, et al., 1985) apply as well to 
interpersonal coordination, with some slight differences (Schmidt, et al. 1990; Schmidt & Turvey, 
1994; Amazeen, et al., 1995; Schmidt, et al., 1998; Richardson, et al., 2007). It is therefore 
understood that intrapersonal and interpersonal coordination are products of similar control 
processes, albeit instantiated across different components (Schmidt, et al., 1998). Further, 
social factors are known to influence interpersonal coordination (Schmidt, et al., 1994; Miles, et 
al., 2011; Lumsden, et al., 2012; Gorman, et a., 2010). However, in real-life situations it may 
often be the case that the valence, meaning, or consequences of interpersonal coordination 
differ between the individuals engaged in it. It is an open question whether and to what extent 
such differences impact coordination dynamics. Experiment 3 was intended to pursue just this 
issue.  
Like Experiments 1 and 2, tempo and pendulum set were manipulated within-subjects. 
ST was manipulated between-groups, albeit in a slightly unorthodox manner. Dyads were 
randomly assigned to either an Asymmetrical ST (Asym) or Control condition. For Asym dyads, 
one dyad member received the ST manipulation, while the other did not; both participants were 
blind to the other’s ST condition. In Control dyads, neither participant receive the ST 
manipulation. It was hypothesized that Asym dyads would perform worse on the coordination 
task than Control dyads. This hypothesis was supported, as Asym dyads were less able to 
maintain the specified mode of coordination, as indicated by significantly lower %OCCUR, and 
had less stable coordination, as indicated by significantly higher SDΦ. It was additionally found 
that the performance of Asym dyads was more negatively impacted by faster tempos than that 
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of Control dyads. Thus, they fared worse overall, and were more negatively impacted by 
increased task difficulty. However, no significant differences were found on either %RECUR or 
MAXLINE. Similar to Experiments 1 and 2, participants under ST in Experiment 3 had 
significantly higher levels of stereotype activation. Additionally, it was hypothesized that 
members of Asym dyads would view their partners more negatively than members of Control 
dyads. Partner ratings within dyads were found to be non-independent: when one dyad member 
rated their partner highly, their partner also tended to rate them highly, and vice versa. Further, 
mean partner ratings were lower for Asym dyads than Control dyads, approaching significance. 
Therefore, the hypothesis was only partially supported. Additionally, exploratory analysis 
revealed a small but significant positive correlation between dyad’s mean partner ratings and 
coordination task performance.  
To summarize, ST was found to negatively impact performance on a rhythmic 
coordination task across all three experiments. In Experiments 1, 2, and 3, ST was shown to 
decrease the ability of both individual participants and dyads to maintain a specified mode of 
coordination, while in Experiments 1 and 3, but not Experiment 2, it also decreased the stability 
of coordination. Participants who received the ST manipulation reported higher levels of 
stereotype activation in all three experiments. ST was shown to increase self-reported anxiety in 
Experiment 1, though this effect was not found in Experiment 2 or 3. Experiment 3 suggests that 
ST may affect interpersonal feelings of liking or comfort, and further that these factors are 
associated with task performance.  
 
7.2 Limitations 
 Although the experiments were able to demonstrate the existence of ST effects in both 
intra- and interpersonal rhythmic coordination, several issues curtail the possibility of 
generalizing these findings, or drawing conclusions regarding the working mechanisms of ST. 
These issues pertain primarily to the nature of the pendulum swinging task, and the available 
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dependent variables. First, ST effects may have been stronger had the coordination task borne 
a clearer resemblance to activities in the stereotyped domain. Participants in the ST condition 
were told that the pendulum swinging task could be used to assess their general rhythmic 
coordination ability, and an auditory metronome, likely familiar to any experienced musician, 
was used to drive home this connection. Of course, swinging pendulums back and forth is not a 
typical part of music or dance performance, barring its superficial resemblance to some 
activities of a drummer or idiophone (vibraphone, xylophone, gamelan, etc.) player. Stronger ST 
effects may have been obtained if, in place of the pendulum swinging task, participants had 
been required to actually engage in a music or dance activity. However, it would be difficult to 
select such a task which is agnostic to the particular music or dance experience of participants, 
as is the pendulum swinging task. Further, the pendulum swinging paradigm is common in 
studies of rhythmic coordination, and thus facilitates comparison of findings from the current 
research to past studies. Stronger ST effects may also have been obtained had the 
experimenter, or the dyad partner of ST participants in Experiment 3, been a relevant out-group 
member; White participants under ST may have felt its effects less acutely due to the White 
experimenter and dyad partner.  
 Additionally, the use of the metronome itself presents some issues. As noted, the 
auditory metronome was used to create a stronger perceived association between the 
pendulum swinging task and music or dance performance. However, the use of auditory 
metronomes or other external pacing is known to affect coordination dynamics (Byblow, et al., 
1994; Kudo, et al., 2006), and the HKB model assumes that the two oscillators involved in 
coordination are not externally driven (Haken, et al., 1985). Despite this, control of the frequency 
of participants’ movement is often desirable, and auditory metronome have been used in many 
coordination studies (e.g., Kay, et al., 1987; Schmidt, et al., 1990; Schmidt, et al., 1994; 
Richardson, et al. 2008). It was found in the current experiments that faster metronome tempos 
led to worse performance on the coordination task, as is typical. However, the timing of 
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metronome clicks was not recorded. Doing so in future studies would allow its effects on 
coordination to be more directly observed. It may be the case, for example, that ST leads to 
worse performance in part by weakening participants’ coupling to the metronome. The current 
experiments offer contradictory evidence on this count. In Experiment 2 ST participants 
indicated that they paid less attention to the metronome than Control participants, but this effect 
was not found in Experiments 1 or 3. As attention appears to play a key role in ST effects on 
motoric task, this warrants further investigation.   
More practically, nothing in the current studies suggests that stereotypes regarding 
rhythmic coordination actually negatively impact the lived experiences of White musicians or 
dancers. In this way the aims of the current research at somewhat different from those of 
seminal ST studies. Where Steele & Aronson (1995) originally sought to explain observed 
group-based differences in real-life performance which were not attributable to, for example, 
preparation or SES, the current research is not motivated by any similar observed real-life 
difference in music or dance abilities between different racial or ethnic groups. As such, the 
current research has less to offer in terms of understanding or ameliorating the impacts of 
stereotypes in vivo. Rather, the focus is on contributing to or expanding on conversations which 
reside primarily in the academic literature on coordination and ST. It is hoped that future 
research along similar lines would in some way lead to novel ST interventions, though this is 
beyond the scope of the current research.   
The results of Experiments 1 and 2 taken together suggest that ST affected performance 
on the pendulum swinging task by displacing or misplacing participants’ attention. However, 
further research on this specific topic is required. Primarily, a direct comparison between an ST 
“free look” condition (as in Experiment 1) and an ST “fixed gaze” condition (as in Experiment 2, 
no distractor trials) would likely prove helpful in establishing the specific nature of attentional 
effects. One might compare the effects of ST on coordination when participants are free to 
direct their attention, or are constrained to direct it towards a target, their dominant hand, non-
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dominant hand, and so forth. Alternatively, eye tracking during the coordination task could be 
used for more immediate comparison of participant attention in ST and non-ST conditions. 
Future studies of interpersonal coordination also stand to benefit greatly from eye tracking. With 
it, it would be possible, for example, to assess the proportion of time per trial spent attending to 
one’s own and one’s partner’s pendulums. This bears relevance for both the understanding of 
ST in interpersonal contexts, and the understanding of asymmetrical coupling which is assumed 
to exist in all interpersonal coordination, even absent ST (Meerhoff & de Poel, 2014). 
The interpersonal task (Experiment 3) would benefit from adjustments to the manner in 
which partner ratings were obtained. It was shown that partner ratings were non-independent, 
and results suggest that partner ratings are associated with task performance. However, the 
relationship between partner ratings and task performance requires substantial additional 
scrutiny. First, it would be beneficial to establish the direction of causation: that is, does liking 
and rapport between people lead to better coordination, or vice versa? However, it seems likely 
that, given the complex nature of interpersonal interaction, especially that which occurs over an 
extended period, linear causation in this situation is too simplistic. It is more likely that some 
kind of feedback exists between partner ratings and task performance. It may be the case, e.g., 
that poor performance leads to less liking, which in turn leads to worse performance through 
withdrawal or effort or paying less attention. Conversely, strong performance may lead to 
positive mutual reinforcement. Observing the co-evolution of these variables on a per-trail or 
finer grained basis, perhaps through lagged or cross-lagged correlations, would likely aid in 
understanding the richness of interpersonal interaction.  
Further, while survey measures provide some insight into how each dyad member feels 
about their partner, other options ought to be explored. For example, if the participants were 
required to engage in some other kind of potentially less structured interaction after the 
coordination task, measures such as nonverbal anxiety, eye contact, postural sway and other 
spontaneous synchrony could be obtained. Then it would be possible to assess not just how 
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participants say they feel about their partner, but aspects of the actual quality of subsequent 
interaction. More generally, further research into the long-range effects of having interaction 
negatively impacted by ST is required. That is, if one has a negative social experience due to 
experiences of ST, what happens next? Is one’s orientation towards future interaction changed? 
Does one attempt additional, more positive, interaction, perhaps in order to save face? Does 
one withdraw effort or participation from interpersonal interaction in the stereotyped domain, or 
more broadly?  
 
7.3 Conclusions 
This dissertation was conceived as a true interdisciplinary work, posing questions that 
are somewhat outside the bounds of both ecological and social psychology as traditionally 
conceived. And while it draws theory and methods from them both, and would otherwise not be 
possible, it fully belongs to neither. It is therefore hoped that, while the results may be of interest 
to those with stakes in either coordination or ST research, its main contribution is in the 
development of a more thoroughly joined social-ecological perspective. It was noted in section 
2.4 that there is a broad sense in which coordinative acts simultaneously participate in, give rise 
to, and follow from social goings-on, that coordination is subsumed within the total social activity 
of a person’s life and is therefore impredicatively related to factors which are assumed to reside 
at both higher and lower levels of analysis. This notion has been present in ecological 
psychology in some form or another since originally set forth by Gibson (1966); a partial history 
is given by Heft (2017). The current experiments do, in some small way, demonstrate that this is 
the case. In experiments 1 and 2, a social factor was shown to influence the behavior of an 
individual acting alone. This is in no way newsworthy to those from social psychology, but is 
novel within the coordination literature. Experiment 3, however, shows a social factor influencing 
one’s ability to engage in joint action with another. And conversely, this is perhaps not surprising 
for those who study coordination, but is, to my knowledge, a first for stereotype threat research. 
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In all, stereotype threat was shown, across three experiments, to impact a coordination task 
performed both individually and with another. Further, this may have consequences for future 
interactions.  
It remains to be seen if and how stereotype threat and similar social factors impact 
dynamics across individual, dyadic, and group levels. That is, does ST affect one’s acceptance 
in, or centrality within, a group? Does it affect the coherence or flexibility of a group? Does it 
alter the opportunities for action or interaction made available by one’s place in a group, or 
those available to a group by virtue of its members? Answering any of these questions requires 
further joining of theory and methods from ecological and social psychology. Issues of group 
formation and membership would benefit from the theory of dynamical and self-organizing 
systems which has been developed over the past forty years in ecological psychology. To be 
sure, fruitful work along these lines has been conducted. But, as the current research shows, 
explanations of social behavior in terms borrowed from physics are incomplete without the 
incorporation of social psychological factors. Insofar as all behavior is embedded in some or 
another social context, this calls for reconsideration and complication of physically grounded 
theories of behavior, as are sought and have been found in ecological psychology. It may 
appear beneficial, or at least tempting, to couch all possible social factors in physical terms, so 
that they could be incorporated in formalizations such as the HKB model. This ignores, 
however, a fundamental feature and key benefit of the ecological and dynamical approach, as 
argued by Kugler, et al. (1980): the appropriate explanatory factors may reside at any level of 
analysis. A reduction to physics is therefore not called for, but rather an understanding of 
dynamics in and across all possible levels of analysis.   
As argued by Marsh, et al. (2006), joint action forms the basis of sociality in that all 
interaction is founded on one’s ability to bring one’s behavior into coordination with that of 
others. Thus, all social interaction may be considered as embodied and situationally embedded. 
In light of the current experiments, as well as those preceding and informing them, behavior 
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previously understood as embodied and embedded - at least within material and intentional 
constraints - may also be considered social. One is still a social being, even when one acts 
alone.  
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Appendix A. Survey Measures 
1. Task Domain Identification & Investment 
Please rate your agreement or disagreement with the following statements. 
When it comes to rhythmic coordination... 
 Strongly 
Disagree 
(1) 
Disagree 
(2) 
Somewhat 
Disagree 
(3) 
Neither 
Agree 
Nor 
Disagree 
(4) 
Somewhat 
Agree (5) 
Agree 
(6) 
Strongly 
Agree 
(7) 
I feel 
confident 
about my 
abilities. 
(1)  
o  o  o  o  o  o  o  
I feel self-
conscious 
about my 
abilities. 
(2)  
o  o  o  o  o  o  o  
I feel I am 
at least as 
competent 
as others. 
(3)  
o  o  o  o  o  o  o  
I feel 
others are 
more 
competent 
than I am. 
(4)  
o  o  o  o  o  o  o  
My 
abilities 
are 
important 
to me. (5)  
o  o  o  o  o  o  o  
My 
abilities 
are not 
o  o  o  o  o  o  o  
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important 
to me. (6)  
My 
abilities 
are part of 
who I am. 
(7)  
o  o  o  o  o  o  o  
 
Please rate your agreement or disagreement with the following statements. 
 Strongly 
Disagree 
(1) 
Disagree 
(2) 
Somewhat 
Disagree 
(3) 
Neither 
Agree 
Nor 
Disagree 
(4) 
Somewhat 
Agree (5) 
Agree 
(6) 
Strongly 
Agree (7) 
I feel like 
I can 
keep a 
steady 
beat. (1)  
o  o  o  o  o  o  o  
I am a 
musically 
oriented 
person. 
(2)  
o  o  o  o  o  o  o  
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2. Task Difficulty 
Please rate your agreement or disagreement with the following statements. 
During the task... 
 Strongly 
Disagree 
(1) 
Disagree 
(2) 
Somewhat 
Disagree 
(3) 
Neither 
Agree 
Nor 
Disagree 
(4) 
Somewhat 
Agree (5) 
Agree 
(6) 
Strongly 
Agree 
(7) 
I thought 
about how 
well I was 
doing. (1)  
o  o  o  o  o  o  o  
I thought 
about how 
poorly I was 
doing. (2)  
o  o  o  o  o  o  o  
I thought 
about the 
difficulty of 
the task. (3)  
o  o  o  o  o  o  o  
I thought I 
was doing 
better than 
the average 
person. (4)  
o  o  o  o  o  o  o  
I thought I 
was doing 
worse than 
the average 
person. (5)  
o  o  o  o  o  o  o  
I felt like I 
was 
performing to 
my 
expectations. 
(6)  
o  o  o  o  o  o  o  
I felt like I 
was not 
performing to 
my 
o  o  o  o  o  o  o  
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expectations. 
(7)  
I was making 
a good effort. 
(8)  
o  o  o  o  o  o  o  
I felt like I 
had trouble 
keeping up. 
(9)  
o  o  o  o  o  o  o  
I was 
concerned 
with how my 
performance 
would reflect 
on me. (10)  
o  o  o  o  o  o  o  
I was paying 
a lot of 
attention to 
the 
metronome. 
(11)  
o  o  o  o  o  o  o  
I was paying 
a lot of 
attention to 
the words 
appearing on 
the screen. 
(12)  
o  o  o  o  o  o  o  
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3. State Trait Anxiety Inventory (STAI) 
A number of statements which people have used to describe themselves are given below. Read 
each statement and then select the circle to the right of the statement to indicate how you feel 
right now, that is, at this moment. There are no right or wrong answers. Do not spend too much 
time on any one statement but give the answer which seems to describe your present feelings 
best.  
 Not at all (1) Somewhat (2) Moderately So 
(3) 
Very much so 
(4) 
I feel calm (1)  
o  o  o  o  
I feel secure (2)  
o  o  o  o  
I am tense (3)  
o  o  o  o  
I feel strained (4)  
o  o  o  o  
I feel at ease (5)  
o  o  o  o  
I feel upset (6)  
o  o  o  o  
I am presently 
worrying over 
possible 
misfortunes (7)  
o  o  o  o  
I feel satisfied 
(8)  o  o  o  o  
I feel frightened 
(9)  o  o  o  o  
I feel 
comfortable (10)  o  o  o  o  
122 
 
I feel self-
confident (11)  o  o  o  o  
I feel nervous 
(12)  o  o  o  o  
I am jittery (13)  
o  o  o  o  
I feel indecisive 
(14)  o  o  o  o  
I am relaxed (15)  
o  o  o  o  
I feel content 
(16)  o  o  o  o  
I am worried (17)  
o  o  o  o  
I feel confused 
(18)  o  o  o  o  
I feel steady (19)  
o  o  o  o  
I feel pleasant 
(20)  o  o  o  o  
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4. Stereotype Activation 
Please rate your agreement or disagreement with the following statements. 
 Strongly 
Disagree 
(1) 
Disagree 
(2) 
Somewhat 
disagree 
(3) 
Neither 
agree 
nor 
disagree 
(4) 
Somewhat 
agree (5) 
Agree 
(6) 
Strongly 
agree 
(7) 
Some 
people feel I 
have less 
rhythmic 
coordination 
ability 
because of 
my race or 
ethnicity. (1)  
o  o  o  o  o  o  o  
The task 
may have 
been harder 
for people of 
my race or 
ethnicity. (2)  
o  o  o  o  o  o  o  
The 
experimenter 
expected me 
to do poorly 
because of 
my race or 
ethnicity. (3)  
o  o  o  o  o  o  o  
People of my 
race or 
ethnicity 
often face 
biased 
evaluations. 
(4)  
o  o  o  o  o  o  o  
My race or 
ethnicity 
does not 
affect 
people's 
perception of 
o  o  o  o  o  o  o  
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my rhythmic 
coordination 
abilities. (5)  
People of my 
background 
are 
considered 
especially 
good 
musicians or 
dancers. (6)  
o  o  o  o  o  o  o  
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5. Self Affirmation Exercise 
Below is a list of characteristics and values, some of which may be important to you, some of 
which may be unimportant. Please select any ONE of the following values that is particularly 
important to you. 
o Artistic skills / Aesthetic appreciation  (1)  
o Sense of humor  (2)  
o Relations with friends / family  (3)  
o Spontaneity / living in the moment  (4)  
o Social skills  (5)  
o Athletics  (6)  
o Musical ability / appreciation  (7)  
o Physical attractiveness  (8)  
o Creativity  (9)  
o Business / managerial skills  (10)  
o Romantic values  (11)  
 
Please briefly describe a personal experience in which this value was important to you and 
made you feel good about yourself. 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
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6. Handedness 
For each of the activities below, please indicate: 
Which hand do you prefer for that activity?  Do you ever use the other hand for the 
activity? 
 Which hand do you prefer to use? Do you ever use the other hand? 
 Left (1) No 
Preference 
(2) 
Right (3) Yes (1) No (2) Not 
Applicable 
(3) 
Writing (1)  
o  o  o  ▢  ▢  ▢  
Drawing (2)  
o  o  o  ▢  ▢  ▢  
Throwing 
(3)  o  o  o  ▢  ▢  ▢  
Using 
scissors (4)  o  o  o  ▢  ▢  ▢  
Using a 
toothbrush 
(5)  
o  o  o  ▢  ▢  ▢  
Using a 
knife 
(without a 
fork) (6)  
o  o  o  ▢  ▢  ▢  
Using a 
spoon (7)  o  o  o  ▢  ▢  ▢  
Using a 
broom 
(upper 
hand) (8)  
o  o  o  ▢  ▢  ▢  
Striking a 
match (9)  o  o  o  ▢  ▢  ▢  
Opening a 
box o  o  o  ▢  ▢  ▢  
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(holding 
the lid) (10)  
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7. Partner Ratings 
Please rate your agreement or disagreement with the following statements. 
 Strongly 
Disagree 
(1) 
Disagree 
(2) 
Somewhat 
disagree 
(3) 
Neither 
agree 
nor 
disagree 
(4) 
Somewhat 
agree (5) 
Agree 
(6) 
Strongly 
agree 
(7) 
I felt like I 
worked well 
with the 
other 
participant. 
(1)  
o  o  o  o  o  o  o  
I felt 
comfortable 
with the 
other 
participant. 
(2)  
o  o  o  o  o  o  o  
I felt that the 
other 
participant 
was 
comfortable 
with me. (3)  
o  o  o  o  o  o  o  
I liked the 
other 
participant. 
(4)  
o  o  o  o  o  o  o  
I thought the 
other 
participant 
liked me. (5)  
o  o  o  o  o  o  o  
I thought the 
other 
participant 
was judging 
my 
performance. 
(6)  
o  o  o  o  o  o  o  
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I was judging 
the other 
participant's 
performance. 
(7)  
o  o  o  o  o  o  o  
I feel like I 
would get 
along with 
the other 
participant in 
a social 
setting. (8)  
o  o  o  o  o  o  o  
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8. Screening Questions 
Do you play a musical instrument? 
o Yes  (1)  
o Yes, but not currently  (2)  
o No  (3)  
 
What type(s) of instrument do you play (if applicable)? 
▢ Brass (Trumpet, Trombone, Tuba, etc.)  (1)  
▢ Woodwind (Clarinet, Flute, Oboe, Saxophone, etc.)  (2)  
▢ Strings (Violin, Cello, Guitar, Bass, Harp, etc.)  (3)  
▢ Percussion (Drum kit, Timpani, Xylophone, etc.)  (4)  
▢ Keyboard (Piano, Organ, Synthesizer, etc.)  (5)  
▢ Other  (6)  
▢ Not applicable  (7)  
 
 
How many years experience do you having playing a musical instrument (if applicable)? 
o Less than 1 year  (1)  
o 1 year  (2)  
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o 2 years  (3)  
o 3 years  (4)  
o 4 years  (5)  
o 5 years  (6)  
o 6 years  (7)  
o 7 years  (8)  
o 8 or more years  (9)  
o Not applicable  (10)  
 
Are you a dancer (Ballet, Contemporary, Salsa, Jazz, African, Swing etc.)? 
o Yes  (1)  
o Yes, but not currently  (2)  
o No  (3)  
 
What style(s) of dance do you practice (if applicable)? 
▢ Latin  (1)  
▢ Swing  (2)  
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▢ Ballroom  (3)  
▢ African  (4)  
▢ Belly  (5)  
▢ Hip-hop  (6)  
▢ Ballet  (7)  
▢ Contemporary  (8)  
▢ Jazz/Blues  (9)  
▢ Tap  (10)  
▢ Other  (11)  
▢ Not applicable  (12)  
 
How many years experience do you have dancing (if applicable)? 
o Less than 1 year  (1)  
o 2 years  (2)  
o 3 years  (3)  
o 4 years  (4)  
o 5 years  (5)  
o 6 years  (6)  
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o 7 years  (7)  
o 8 or more years  (8)  
o Not applicable  (9)  
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9. Demographics 
What is your age? 
________________________________________________________________ 
 
What is your gender? 
________________________________________________________________ 
 
Are you of Latino, Hispanic, or Spanish origin?  
o Yes  (1)  
o No  (2)  
 
Do you identify with any of the following groups? (Select more than one if applicable) 
   
 Yes (1) No (2) 
Mexican (1)  
o  o  
Mexican-American (2)  
o  o  
Chicano (3)  
o  o  
Puerto Rican (4)  
o  o  
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Cuban (5)  
o  o  
Cuban-American (6)  
o  o  
Jamaican (7)  
o  o  
Dominican (8)  
o  o  
Haitian (9)  
o  o  
Afro-Caribbean (10)  
o  o  
Some other Latino, Hispanic, 
or Spanish group (11)  o  o  
 
 
How would you describe yourself? Please select at least one. 
   
 Yes (1) No (2) 
Black or African American (1)  
o  o  
American Indian or Alaska 
Native (2)  o  o  
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Asian (3)  
o  o  
Native Hawaiian or Pacific 
Islander (4)  o  o  
White (5)  
o  o  
Other (6)  
o  o  
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Appendix B. Control and ST Task Descriptions 
1. Control Task Description 
This research is being conducted to assess various factors which influence the control and 
coordination of movement. You will be asked to engage in a coordination task involving 
swinging weighted sticks (i.e. pendulums) either by yourself or with another participant. This 
task does not in any way evaluate your ability to coordinate movement under normal 
circumstances. 
 
You are being asked to participate because the study requires participants who have past 
experience with rhythmic coordination. This study is intended to contribute to the understanding 
of people’s ordinary ability to coordinate their limbs in different patterns or rhythms as they might 
in everyday activities such as walking, reaching and grasping, typing, tying your shoes, etc. 
  
We are conducting this study to evaluate how accuracy and stability of movement are affected 
by physical load (weighting the limbs differently, moving at different speeds) or cognitive load 
(doing a mental task at the same time). 
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2. ST Task Description 
This research is being conducted to assess various personal, social, and cultural factors which 
influence a person’s general ability to control and coordinate rhythmic movement. You will be 
asked to engage in a coordination task involving swinging weighted sticks (i.e. pendulums) 
either by yourself or with another participant. This task is able to evaluate a person’s 
fundamental ability to perform rhythmic movements, as one does while playing music or 
dancing. Your participation will allow us to evaluate your overall competency in activities 
requiring rhythmic coordination.  
 
You are being asked to participate because the study requires participants from various 
backgrounds who have past experience with rhythmic coordination. Research indicates that 
people from different cultural backgrounds differ in their core rhythmic coordination 
competency. Caucasians tend to perform worse on this task than participants from other 
hereditary backgrounds. 
 
We are conducting this study to evaluate how the accuracy and stability of rhythmic movement 
are affected by personal, social, and cultural factors, as well as physical load (weighting the 
limbs differently, moving at different speeds) and cognitive load (doing a mental task at the 
same time). 
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Figures 
 
Experiment 1 
 
 
Fig. 1.1. Percentage of time per trial spent in each 20° relative phase region by Stereotype 
Threat condition. A greater percentage of time spent in regions near 180° indicates better task 
performance.  
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Fig. 1.2. Percent of time per trial spent in each 20° relative phase region by Tempo. At faster 
tempos, a lower percentage of time per trial is spent at or near the instructed 180° relative 
phase.   
 
 
 
Fig. 1.3. SDΦ by Stereotype Threat. ST participants had higher SDϕ than Control participants, 
approaching significance, indicating less stable coordination.  
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Fig. 1.4. SDΦ by Tempo and Pendulum Set. Coordination is less stable at higher tempos, and 
when using mismatched (RL or LL) pendulum sets.  
 
 
 
Fig. 1.5. MΦ by Tempo and Pendulum Set.  
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Fig. 1.6. MΦ by Pendulum Set and Stereotype Threat.  
 
 
 
Fig. 1.7. %RECUR by Pendulum Set and Tempo.  
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Fig 1.8. %RECUR by Tempo and Stereotype Threat. 
 
 
 
Fig. 1.9. MAXLINE by Pendulum Set and Tempo. 
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Fig. 1.10. Stereotype Activation by Stereotype Threat. ST participants had significantly higher 
stereotype activation than Control participants.  
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Experiment 2 
 
 
 
Fig. 2.1. Time spent per trial in each relative phase region by Stereotype Threat condition.  
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Fig. 2.2. SDΦ by Stereotype Threat and Distractor. No main effect of either ST or Distractor on 
SDϕ was observed.  
 
 
 
Fig. 2.3. SDΦ by Tempo and Stereotype Threat.  
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Fig 2.4. MΦ by Pendulum Set and Stereotype Threat. 
 
 
 
Fig 2.5. MΦ by Pendulum Set and Distractor Task.  
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Fig. 2.6. %RECUR by Pendulum Set and Tempo. 
 
 
 
Fig. 2.7. %RECUR by Pendulum Set and Stereotype Threat 
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Fig. 2.8. Stereotype activation by Stereotype Threat condition. 
 
 
 
Fig. 2.9. Task Domain Identification by Stereotype Threat. Unique to Experiment 2, participants 
in the ST condition had lower task domain identification than those in the Control condition.  
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Experiment 3 
 
 
 
Fig. 3.1. Percentage of time per trial spent in each 20° relative phase region by Stereotype 
Threat condition. Participants in the ST condition spent significantly less time at or near the 
intended 180° relative phase than participants in the Control condition.  
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Fig. 3.2. Time spent in each relative phase region by Stereotype Threat and Tempo condition. 
Participants spent significantly less time near the intended 180° when in Asym dyads, and at 
faster tempos.  
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Fig. 3.3. Time spent per trial in each relative phase region by Stereotype Threat and Pendulum 
Set conditions. Participants spent significantly less time near the intended 180° when in Asym 
dyads and when using non-matched (RL or LL conditions) pendulums.  
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Fig. 3.4. SDΦ by Stereotype Threat.  
 
 
 
 
Fig 3.5. SDΦ by Tempo and Dyad Type.  
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Fig 3.6. SDΦ by Pendulum Set and Dyad Type. There was an interaction of Pendulum Set and 
Dyad Type (i.e., ST) on SDΦ which trended towards significance.  
 
 
 
 
Fig 3.7. MΦ by Pendulum Set and Dyad Type.  
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Fig. 3.8. Stereotype Activation by ST condition.  
 
 
 
 
Fig. 3.9. Partner ratings by Dyad Type.  
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